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Chapter \1 
BLOOD 




SECTION A— THE COMPDSITION OF 
BLOOD / ; i". 

l-L'^Introductiohi Blood is a complex and . 
uniqile fluid^of variable composition circulate - 
ing:thr©iigh the vascular systifti of the bod3r. - 
It is a tissue in which* cellulat conslitu^ 

^ehts ar© suspeiided in ]a liquid .ra^lunv^pfer^ 
forming . speclaliked fufnctionsr TO 
function oi blood is to jnaintain oxygen and 
food supply for the bodysjcelli and prevent 
adcuinulA^iOT- WAstft proSffits. 3^pd also 

. protects agaihsfcycausatiy^ of disease 

and S^ptpflej^^stibstaii^ - 
clottihg^^Sgc^i^^toeri ih 
or heniorEit6^;^65jfe . 
fbnctidns; thl^^m^iitip^ be; 
complex* Fofmf&ele^ for ap- 

proximateiy 4§^^^0^^^^f^l^ b&od volume. 
The. remaining 5S^^^en|^ia:a liquid of a 
very complex natui% eanfid-'^^las Plasma 
is composed mostly of water but It also Qon^y 
tains other important substances. ; . 

1-2. Gtheral Cellular Structurei 

a. A typical cell is composed of a single" 
nucleus enlbedded In cytoplasm. The living 
substance of the cell is a grayish viscous 
liquid called 'prDtbplaim. Protoplasm is en- 
closed in the ceil iMerfaces.Jby a cell mem- \ 
brane which selectively ^^regulatQS the. inter- 
change of materials^ betveMeIn the cell and 
its environment. A typical cell is diagrai^ed 
in figure 1—1. ; 

■ -b. The nucleus is a spherical or oval body 
surrounded by=ta* thin njembrane (nuclear 
]n;iembimrie). Contained in the nucleus is* a 
sphere. called, the nucleolus. The nucleolus is 
thought to be an organizing center ftfr the 
cell^ and can have, the capacity for cell prOf 
iiuction. Thtf absence of nucleoli, signifies th€\ 
end of cell development. Also found within 



the nucleus is ,a netwoKc dr^nuclear fibrils 
made Up of DNA (deoxyribonucleie' acid) andv 
protein called chromatih..;It is thought that 
the decreasing; growth ^activity of a ceil dur- 
;iri^ 'maiuratibn: is regulated by ^chromatin. 
A^^pical cell nudleus! is^iagmmed^ 

c. Surroiiridinff the nucleus is a mass of 
protoplasm called cytoplasm. Contained^^ith- 
in the cytoplasm ^ are ; numei'ofUs granfilesj 
fllam^hts/ and globules.', These structures are = 
divided into two groups kno^n as organoids 
(o^ganielles) and inclusions. The organoids, 
are thought to perform, mbst of the irifetabolic ^ 
functions of the cell. /Mitochbfld^ia, Golgi 
apparatus, fibrils, centrioleSi and thechronia-s 
tin substance ^ are.:.clasSifled as = drgaheflel:,; 
Cylbplasm inclusions • ^re ; visually seen -as- 
gran ulati on . Th is gran ulatioh is an , accu- 
mulation ^f proteins, Upidsr carboj^ydyateSj ^ 
pigments, and secretory granules. - - f 

Cellular /Cona 

^a. Erythrocytes.'- An ' erythrQcyfe . (red 
blood cell) is aiiv efastic,^ nonnucleated, bi- 
concave disc havihg a\diametfi:^^ 
mately 7.2 niicrorii^;Th6 maturecred cell con- 
tains abput 34 percent heiTioglobin (a com- 
plex iron-bearing pi gmeht which transports 
oxygen). Hemoglobin is contained jn the ih- 
teri^br of the pell, and the outer surface, of tlse 
\cell is surrounded by a cell membrane. When 
unstained, the* cell has a pale, greenish- 
yellow appearance; and light orange %vith an 
accented central zone of pallor %vhen stained 
■yWith Wright's stain. The production of erythi 
rocytes^ or erythropoiesis, occurs primar- 
ily In the ^^ed fnari'ow of the. spongy bones 
(see figure 1=2). An adult female has ap- 
proximately 4.8 minion/cu'fnmre^ cells, and 
an;adult male has approximately 5.4 Trillion/; 
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Figura 1-1. Typical Call Structure, 

; cu mm red ceirs* The erythrocytes have an 
average life span of 80 to 120 fia^s. ^ 

b. Beukocytes^ Leukocj^es. are ccnimonly 
known as white, blood; cells because of their 
lack of color in unstained preparations. THey 
are nucleated cells which hkve an avertee di- 
ameter of 8 to 12 microns. Leukocytes are :di- 
vided into three groups. (1) grahulocytes, 
(2) lymphocytes, and (3) monocytes. They . 
are differentiated by the . specific nuclear and 
.cytoplasmic stoning prdperties. ; ^ ■ 

c/ Thrombocytes. Thrombocytes are most 
comitionly known as platelets. PJatelets are . 
detached fragments o£ the cytoplasm of theiy 
precursor cells— ml^karyocytes which- are - 
found in the bone marrow. Unstained plate- 
lets appear as snian hyaline structures, with: ^ 
a di^pieter of approximately '2 microns. - 
"VWien stainbd with Wrrtht's'stain, they have i 
a pale blue cytoplasm with a dark granular 
centerV'Platelets are. vei'y fragile and live for 
a peripd o^about S to 5 days/ 

1-4* Liquid Constllue^sV - . 

. Plasma. Blood plasma is the fluid por- 



NUCtEAR MEMBRANE 



y 



tlon vbf ; th^' I btood before -chftting occurs 
(smim ;plus flbrinofen). The chemical; na- 
ture of plasma is very complex^ Plasma is 
. composed mostly of water but it also* contains 
dissblved g^^es (oxygen* carbon diqxide/and 
nitrogen), protejns (albumin, globulin, .And 
fibrinogen), carbohydrates -(glucose), lipids 
(fats, lecithin, and cholesterol), nonprjotein 
nitrogenous substances, arjd inorganic salts. 

b. Serum. Serum p tiie fluid portion of^ 
blood ajfter the clotting process is complete. 
Fibrinogen, ,the precurspr of fibrin, . is ret. 
moved from plasma to form the framework^ 
of the blood clot. . '\ 

■ ' ' i ' , . 

SECTION B— FORMATION OJ BLQOD 
CELLS ' 

1-5. Embryonic Hematopoiesis: ' 

- a. The primary source of blood celis is^^ 
mesenchyme ccfnnective tissue in the embryo. 
Three phases- of ehibryohic hematopolesis 

.merger resulting in the formation of broody ^ 

, b. _During the first 2 months, of embryonic 
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developmeht the TnesdWastic phai^^ 
' The" blood, cells are formed in the bloo3 is- 
; Jands of the;y61k,:sac, Imm&ture blqo^ dells, 
■ ;^ develop* haying 'lar^ ji ^ - 

vesibulaK dhromatiti mesh Work, The ftiTcIei 
, * aKe^surrolmded by, a thih- rinv of cytoplasiTi, - 

The cells gradually devTalop hemoglobin to 

becOTie a'nitcleated red blood cell^ 
^ curs and daughter cells Contain more. 

glpbin. Finally the nudeus J lost and the 

mature erythrocyte is produced. ^ 

c. At 

Blood cell diveiopment shifts to the body 
of the fetus as the drgans of the -reticulpen- / 

^ dothelial system (liver* splfeen^thymus, etc.) 
are foiled/ During'this phase, ^ begin 

, .their normal development Granufocyt^ and \ 
thrombocytes, are formed in the liver wKile 
lymphocytes 'and moriocytes are:^ forihed in * 
the, splepn^nd thymus. ' . 

; d, The'^^TBi^loid phase begin during the 
r^flfth month of gestation. Blood bells are 
" formed in the^bone piarrow^ anid lymphatic " 
" System . which* at the time of birth Iconstltute 
the total sources of Hematopoiesis: The bone 
marnow is the principle source of production 
of erythrocytes, ;granulocytes, and thrombo- ' 
; cytes^ The lymph nodes are thf priTriaty sites, 
of . producti on of ^ lymphocy tts* monocytes, 
and plasmocytes, ' : 

=^ • ' ^ . . . - ' . 
1-6, Postiiatal Hematopoiesis r 

a, Blpod formation . at birth Jsf. GOhflnted/ 
primarily ^ to the bone, ^ marrow ^i^Ccentral 

' medullary, structure of the bone)* Blood cells 
^smultiply: by 'mitosii and then mature to a 
specific cell type, ^e mature cells lose the . 
ability to reproduce and develop a defimte life. ^ 
^pan/ Regeneration; of blood cells after birth / 
involve multipljcatioa of precursor/ fiills, 
evolution ^he definitive characteristics of 
. each, type, and jpelfitse of mature cflls. ' ; ^ . 

b, . Myelppoiesi| i tl)e ^production of blood. 
. cells the. bone marrow (medullary site of 

prqduc^iqh)^_Tl^ is the - . 

principle source, ^f production of red cells 
and. white cells Lo^tthe^rahulocytic series. At 
birth the c'entital medullar^; structure of bones . 



= i& red bone marrow and\t is actively engaged 
irt hemat6poiisii.;At about 5 years age^ 
- a ftonhertiatapoietic type Jdf niarrow 



yellow bone marrow ),?^hich is -j reserve po» 
tent ial teivds Ao- repla^in&it of the red bone ^. 
marrow. Thispartial replacement 0f red mar- • 
ro\y isf complete when the liidiv^ual reaches 
maturity (abput 18 years' of age) at which 
time. aetiye hematopoietic cei^Jers jn bone tis-- 
sue^.are limited almost exclusively to tile ster= ■ 
, n um, pel vi c. a rea j vertebraei sIcuU , r i bs , cl a vt-, 
-. cles, seapulij and the epiphyses of the long 
" bonis (flgure 1=2) : ■ y 

ExtrMiediiliary hematopoiesis is blood 
production Vhich occurs in sites othep than 
the^bone maiT^. Active sites are the spieen, 
thymus, lympih ^nddes, arid other , lymphoid 
tissues: . (figure 1-2). Cell production ia. 
largely limited to lymphopoiesis, i^he lymph 
: nodes are the primary .sourciB of lymphocytes 
^and^lasmocytes. ' 



SECTION C^NORMAL CELL' 
MATUijATipN 

1-7* General Features, Irf the coiirse of 
blood celJi/matura^tion, certain speciflK fea-, 
tu res are developed. Each of the cpmponent 
parts of the cell "undergoes a transformation 
during Vmaturation= The: immdture. cell or 
blast cell contains a'^ large nucleus^ a small 

. .amount of cytoplasm*, and .no granules. As 
the c^ll ages j the cytoplasm, becdmes'less baspv 
philic and puclear chromatin betomes heav- 

. ier (darker stain);!^ Reduction in sj?e and loss; 
of nucleoli occurs as sthe cell becoriies-^ld'er. 
The three types of granulation (neutfo- 
philiCi bBSOphiliei-aiid eosinophilic) become 
more: spfecifla and smaller, as the cell ages. 
Maturation, in; general, involves: (1) cy to- 
plasmic differentiation, (2) nuclear matura- 
tion," arid (3) reduction in cell size (s§e figure 

- : : r 

1^8, Cytoplasm* The basophilia of a blast 
cell is, proportion^ to the ribonucleic, acid 
(HNA) content. As 'the cell matures the; , 
;ENA content decr^ses and the cell become^ 
a paler blue. In the myeloid cells a specific . 
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Figure 1-2. Hematopoietic System in an Adult lS-20 Years of Age, 
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Figure, l-3i Development of Blood Celli. ' 



type of granulation occurs/ When granules 
appear ^hey are" pinkish red and few in 
numberv The granules incr^ise in number and 
difTerentiate into three types upon matura- 
tion. As the cell matures it develops an af- 
finity for the acid or basic portion of the 
stain ('Wrigiht't stain). Basophilic granules 
stain blue, eosinophilic granules stain bright 
orange, and neutrophilic granules stain 
pinkish-purple. Lymphocytes are usually de- 
v^oid o€ cytoplasmic granulation but they can 
pos-sess nonspeciflc azurophilic (dark purple) 
granules, usually characteristic of monocytes 
and plasmocytes. Upon maturation, the eryth- 
rocyte develops m light o range respiratory 
p i gmen t ca II ed h em ogl ob i n . 

T-9/'Nucleus. The nucleus of the young' cell 
is large^ round, and occupies most of the 
cell. As the cell matures the size of the nu- 
cleus decreases/ Nuclei' of early or primitive 
ceils usually have one or more nucleoli. The 
latter are' sinall, round, Hdmogeneous areas 
which usually stain light blue with a darker 
boundary. In appearaBce nucleoli are some- 
what' like craters in the nucleus. They are 
sy.r rounded by strands of chromatin. These 
nucleoli, plus a delicate reticular network of 
chromatin, are the principal indidators of 
bood cell immaturity. As the cells mature 
the nucleus gradually becomes smaller, stains 
darker, and the chromatin meshwork become 
^fcoai-seV' with the strands of chromatin less 
fine and lacelike. In the, course of cell devel- 
opment the nucleus changes its shape, par- 
ticularly in the granulocytic series, where it 
becomes indented, lobulated, segments, or 
fragmented}. As maturation or development 
progresses, the ^nucleus, /if still intact, be- 
X'omes small, compact, usually . dark, and 
structureless and can completely disappear. 
The loss or shrinking of the nucleji^s is ac- 
companied by a decrease in cell size. ^ 

SECTION b--"ABNORMAL CELL ^ 
MATURATION " 

General Features. Abnormal cell 
maturation is asynchronous development as 
opposed to nprmal cell maturation or syn- 
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chronous development. Since the normal se- 
; quence of cell maturation is upset; atypical 
cells will be present. Abnormal cells can be 
recognized ^by; (1) abnormal cytoplasmic 
maturation, (2) iibnornial nuclear matura- 
tion, and (3) abnoi^al size. . ' 

eytbplasm. Asynchronism of the cyto- 
plasm is most commonly seen in the granu- 
locytes. Granulation can be primitive or ab- 
sent. In some instances the granules fail to 
dift:erentiate. Erythrocytes show basophilia 
late in the series and retarded. hfenioglobina= 
tion. Inclusions, in the cytoplasm, such as 
Dohle bodies (infectious diseases), Auer 
h^ods (leukemia), and toxich^ranulation (in- 
fection affecting the m^'tfw) are seen in 
the abnormal white cells. 

1=12. Nucleus. AbnorntaT' cells often show 
two nuclei in severe disturbances, such as 
leukemia. Nucleoli have a retarded reduction. 
The nucleus can have an irregular outline Dr 
indentation (Rieder cells). Hypersegmented 
nuclei occur in the neutrophils in^sepsis and in 
pernicious anemia. Abnonna^ maturation of 
the nucleus often results in variation in cell 
size. 

SECTION E— FUNCTIONS OF BLOOD 
CELLS 

1-13. Introduction. Each component of blood 
is uniquely capable of performing one or 
more functions. Together, these compon- 
ents provide the maintenance of a relatively 
stable environment of the body by a variety 
of mechanisms. This maintenance of a rela- 
tive biological constancy or integrity is 
known as homeostasis. Once the blood cells 
reach full maturity they enter the blood- 
stream and begin fulfllling their functions. 

1=14 Erythrocytes. Hemoglobin is the main 
functioning component of the cell. It carries 
out the transportation of oxygen to the tis- 
sues and the removal of carbon dioxide. 
Hernoglobin also aids in the maintenartGe of 
the delicate acid-base buffer system of the 
body. The erythrdcyte must also supply 
energy to accomplish the active transport 
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of gjucose,a4id ions against a gradient across 
the recT'cell nfembrane. - 

1-15. Leukocytes. Leukocytes remove in- 
vading antigens (for example, bacterhi) 
and to sorne extent transport and distril> 

. ute antibodies. Monocytes and all of the- 
granulocytes have been shown to demon- 
strate directional movement. Their move- 
ment is subject to chemotaxis, which is de- 
;fined as the response of living protpplasm 
to a chemical stimulus. This is a means of 
■attracting cells to substances which they 

^ must either transport or engulf. The process 
of engul^ng and destroying bacteria, or 
phagocytosis, is a prime functlori of leuko- 
cytes.. ; ^ . * 

a. Monocytes. These cells will engulf bac- 
tel'ia and larger materials, including even 
protozoa and red cells^ and are called macro- 
phages. In this regard, /^lonocytes are per- 
haps the most efficient phagocytes of all the 
cells. Monocytes contain many of the lytl6- 
enzymes that are found In microphages 
(granulocytes). In addition, monocytes con- 
tain lipases which enable them to dissolve 
the lipoid capsules of certain bacteria. 

■ ' _ ' ' ' *L ^ ' ' ' 

b. Neutrophils, Neutrophilic leukocytes 

are extellent microphages. That is,, they en- 
gulf bacteria and other microscopic particles. 
The particles are first surrounded by cellu- 
lar pseudopodia and then incorporated into 
a cell viiquole. There the foreign bodies mix 
with substances released froni^the cytoplasm 
6f leukocytes. In this way the 'leukocyte is * 
not injured by whatever **combat activity" 
is taking, place in the vacuole. Neutrophils, 
are fully^developed (mature) cells that are 
incapable of mitotic division. They carry on 
active metabolism. Eventually the granulo- 
cytes disintegrate and in inflammatory proc- 
esses are succeeded by monocytes. 

c. Eosinophils, Eosinophils are found In 
tissue fluid as well as in peripheral blood, 
especially in areas whea^e there is an aller- 
gic reaction. Current thinking holds that eo- 
sinophils are involved in antigen-antibody 
reactionSj and have been shown to phagocy- 
tize antigen-antibody reactants. Eosinophils 
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are also thought to .transport, or at least con= 
tftinj lysins which act on fibrin. It is sug- 
gested that eosinophils limit the action of 
substances such as histamine. How this is 
accomplished is not yet , clear. The mobiliza- 
tion of epsinophils from their reserve in the. 
bone marrow is at least in part under hor- 
monal control, lif the adrenal cortex is func- 
tioning properly, an injection of adrenocor- 
ticotropic hormone (ACTH) results dn a 
marked decrease in the number of circulat- 
ing eosinophils and in the number of cir^ 
culating lymphocytes, On the other hand, 
there is an increase in the number -of cir- 
culating neutrophils, ^ , — 

d, Bflsophils,^The function of basophils in 
^man ^is not been ascertained, They quite pos- 
sibly represent a vestige of evolution. Their 
granules have been found to contain heparii*, 
an/J^hese cells frequently appear dtiring the 
clot dissolution, phase of an injury.. Hence, 
it has been suggested they may be involved 
in clot absorption. ^ 

e. Lymphocytes. The'' lymphocyte, is now 
believed to be directly connected wiith antir 
body production. Undoubtedly, the lympho^ 
cyte. performs important immunologic. firnc- 
tions, Aqcprding tc^ very recent studies, 
many of the activities pre^viously thought 
to take place in the reticulpendothelial (RE) 
system actually take place in lymphocytic 

. tissued . ..: ^" 

1-16. Plateletp, Platelets possess metabolic 
systems, expend energy, and respond to stim- 
uli. They contain many enzymes and undergo 
respiratory activity and glycolysis. They pos- 
.^ess coagulation factors - usually designated 
. as PF=2, and on, through PF=7. The 

cells contain fibrinogen and vasoconstriqtor 
substances, calcium, and many other com- 
ponents which are either known or pre- 
sumed to participate in the clotting mecha- 
nism. Clot-promoting lipoproteins are also 
found in platelets. In addition, well-definecl 
antigens have been found in platelets. The 
role of platelets in 'the blood coagulation 
mechanism will be described in more detkil 
in chapter 6, " \ 
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Chapter 2 • ' ' 

MATERtAL EMPLOYED IN HEMATOLOGY 
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SECTION A— LABOR.AT0RY REAGENTS 

Prfparation. yaiMous stains and solu- " 
: tions are utilized ih routine hematological 
examinations. These stains and solutions 
must be prepared with the utmost. car^ 
precisely aecording to formulatiohs. Detailed- 
directions for the preparation of all reagents, 
which are required for p^erforming proce^- 
dures outlined throttghoiit this manual are 
contained in the respectiVfe procedure. Care= 
ful attention shoirid be given to predise meas- 
urements, order in which reagent$ c^'e added, 
control of temperature where indicated, fll- 
tration, and aging. Particular attention must 
be given to storage oi reagfnts particularly 
^ with reference to requirements for refrigera- 
tion,= incubation, and proiectioh from' fntensr 
liffht . 

2-2, Labeling Reagent Containers.. Proper 
labeling of reagents is an extremely impoV- . 
tan t detail. Labels should be domprete; s|-. 
eurely attached, and neatly and legibly wrifc 
ten or preferably typewritten. Items recorded 
on the label should anclude all constituents 
and quantities utilized, date of preparation, 
initials o^the individual who prepared the 
reagentr and^ expiration date if the solution 
deteriorates with age. ^.abels should be pro- 
tected against damage from Hvater or other 
fluids by covering \vith a protective' coating 
of cellophane tape over the surface of the 
labpl. 

2-3. Saifiety Precautions. .Thei:e are various 
precautions which must^be taken in handling 
reagents in the hem'atology laboratory. 
Among the most important are the iollow- . 
ing: ^ . * 

a. Once a portion of a reagent has been re- 
moved from, the original container, it should 



never be poured badJ<V because it can con-, 
taminate the remaining reagent, J 

. b. Reagents are preferably stoMd in alpha 
betical order on shelving protected from 
dust, moisture, and.direct sunlight. 

^ c. Never use a reagent which cannot be 
clearly Jdentifl'ed from the lala^l on the con^ 
tainer. Discard all reagents which cannot be 
accurately Identified. 

d. Alw^ays read the la^el before dispensing 
a reagent. ^ *y 

' ~~ _ ' '"' . ^ < 

b: When woi^king with-jnewly prepared re- 
agents, especially stains, ascertain ^whether 
desired results are being obtained. Cfnsatis- 
factory Solutions should be discarded and re- 
■ placed. ' . ; V " 

; . vf. Xll mixing containers, stirring rods, and 
^-containers used for storage of reagents 
should be chemicaHy cleaned prior to use. 

j^ .;g. During mixing arid preparjkion, -as well 
as in 'Btoi'age, it is good practicr to avoid s 
contact of reagents with metals, Many re- . 
agents contain substances which will react 
chemically with metals and produce changes 
which, will render them unusable for labora- 
tory .work. ' 

h. Do not allow inexperienced personnel to 
prepare reagents without close supervision. 

i. . Certain reagents are poisonous (that is, 
Drahkin's solution and' bichloride of mer- 
cury )^ and adequate precautions should be 
'taken to prevent accident|il poisoning. . All > 
highly toxic reagents shourd ^ fee conspicu- 
ously labeled *TpISON** and should be stored^ 
in a separate cabinet in the laboratory. 

j. Commercial reagents should be checked ^ 
with standards for purity! Record all lot 
numbers in case a reagent is not pure. 
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k, test all new reagents to assure that 
proper results ar^attainable. , ^ 

SECTION B— LABORATORY 
GLASSWiVRF 

2-4.-piluting Pipets: 

a/'The blood ceirdiluting pipet (see ftgure 
2-1) consists of a graduated capillary tiibe^ 
having an aiWtraly volume of one unit and 
marked in irtcrements of. that unit, each 
designated as 0.1 ; fiote that this unit Is not a 
standard measurement but merely^ an " arbi- 
trarify selected unit. Above the capillary tube 
is a mixing ljulb containing a. color-coded 
glass bead, and above th^ bulb another 
shorter .capillary tube with an engraved 
mark. TJhe pipet for perfowiing the white 
blood cell count has a white bead, the mixing 
bulb is smaller than that of the red count 
pi^t/anH the marking above' the bulb reads 
"11/** The.pipet for perlbrniing the red blood 
ceil count has a red b^ad in the mixing bulb 
anci the marking above ihe ,bulb is ;*lqi='' 

b. These pipets are used to take the speci- 
men directly frtm a capillary* puncture or, 
rafter careful Tnixing, frdm a vial of fluiH or of 
blood trerfted with an anticoagulaht, such as 
EDTA. The blood or fluidVis drawn^ tnto the 
pipet to 'a predetermined point and diluted , 
to the correct mark with diluting fluid/ After ^ 
proper mixing, the diluted substance is 
placed in the caunting chafnber and the cells 
are counted. 

Usually, the technique for diluting the 
blood specimen with a pipet balls for whole 
blood to be drawn exactly to the 0,5 mark 
and diluted only to the "11^^ or "101^^ma^k 
with appropriate diluting fluid dependent 
upon the type of ceU cb^nt Sincethe volume 
of fluid in the stem d^s not enter into the 
dilution, the dilution isWlculated on the vol- 
ume in the bulb, thus with the white blood 
cell coun^ 
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The dilution of theA)lood sample in the white' 
blood count is i^t^20 and Ahe dihition factor 
is 20^ In the red blood count the blood s£ynple 
^ diluted 1 to 200 and the dilution factor 
is 200, The permissible error of the red cell 
pipet is ±n% and the wiiite cell pipet has a 
permissible error of i3.5%. - ^ = 



Dilution = 



Whole blood 



Volume in bulb 
and in the RBC count 

whole blood 



Dilution 



Volume rn bulb 



"100^ 



20 
1 

"200 



d. Blood cell diluting pipets are delicate 
pieces ^of equipment and should have care- 
l\iT treatmentrTt is a^ 

dry diluting pipets be used to prevent dilution 
errors arid hemolysis of cells. = 

e. If an aspirator is available, pipets can 
be easily washed by drawing cold tap wa- 
ter (distilled water is preferred) through 
the pipet. If a deposit remains, it ca« be dis- 
solved by drawing dilute sodium hypochlorite 
(household bleach) through the . pipet fol- 




RBC PIPET WIC PIPET SAHLj PIPET 

Figure 2-L Hematological Pipeta. 
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lowed byj^seVeral* washing/with distn wa- 
.'^er. If i^p^ti? become plugged through neglect. 
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the hQli:^fm be opened, with a/fine steel 
wire, .M^p the above procedures may then be 
<!arrie(|(Dut; When necessary, pipets may be 
dried Mpidly by drawing' a small amount of 
alcoh#'.|htough them and then ethej* or ace- 
tone ^^oilowed by a stream of air until the 
glass||^ead moveg^:seIy and no moisture re- 
mairtpj4n=the- 

f.||Kll.piife^s should be inspected each time 
befoj^H^^so as to prevent the use of equip- 
menMhiit is dirty or that *hasf chipped ends. 



^IJnopettes' 



^^,The Uhopette system (Begton- 
DiMinson and Co,) ponsists of a disposable 
uiMprm-hbre glass capillary pjpet with an 
-atj|i^hed plastic tab for handling. The pipet 
(^^: figure 2=2) is attached to, a plastic 

, r^lfe^yoir in which predetermined , amounts 
o|MiIuting fluids, depending on their pur- 
ppse, Qan be placed. The blood aspirated 

\ ij||0 thi diluting fluid can bfe mixed and ^ 
flijppensed with great ease and speed. 

[im. The Unbpette system^ can be used for 
^ Variety ^of hematological procedufp. In 
general, the Undpette systejn is used ps 
jpl0|vs: V . . , ; .. 

|||^. .!(1) .Using the' pointed end of protec- 
l^iVe jplastic shield of,/the capillary holder, 
C'l^ppl^^ firm and even pressure and puncture 
H$eal rn top of plastic reservoir. 




Unopette Systfin, 



. ^2) Rem'ove protective plastic shield 
covering capillary. Obtain bipod sample 
-from free-flpwing .finger puncture (or use 
thoroughly mlx€:d , venous blood specimen). 

(B) Holding capillary^ almost' horizon- 
tal, touch, tip to blood. Capillary action fills 
the pipet. Carefully wipe excess blood off 
> the tip without removing flny blood from 

_jtheJnsMe.o£ihe=tiibe.^,.._„ „__i=____j^=:iL_, 

(4) Squeeze reservoir slightly, .Cover 
opening of overflow chamber wilh index 
finger and seat holder in reservoir neck. 
.Release pressure on reservoir and remove 
finger from overflow chamber opening; Suc- 
tion will draw blogd into diluent.' 

(5) ^queeze reservoir gently^ two or 
three tiiftes to rinse capillary tube, forcing 
diluent *up into* but not . out of* overflow 
chamber, releasing pressure each time to 
return diluent to reservoir. Mix blood sam- 
ple-with diluent by inversion, > * 

(6) To dispense, reverse capillary tube, 
seal overflow chamber end onto reservoir, - 
invert- and squeeze. Procedures for the 
Unopette system are available in the manu- 
'facturer^^s instruction booklet. 

(7) Always follow manufacturer's in- 
structions, . ^ 

Calibration of Sahli Pipets: 

a. Introduction. Sahli hemoglobin pipets 
are volumetric pipets (see flgiire 2=1), The 
volume is ''supposed'' to be 20 lambda as 
pgistefecl on th^ side of thev pipet» Nor- 
mally, because this volume ig not an accurate 
measurement, standardization of the pipet 
is necessary, This is usually done with mer- 
cury and the procedure is necessary to as- 
certain the correction factor for each pipet, 

b. Procedure: 

(1) Heavily lubricate the barrel of a 
2 ml syringe with stopcock grease, 

(2) Tightly fit the tip of the syringe 
into the broad end of a 1-holed rubber 
stopper, size 0, 

(3) Clamp the stopper to a heavy re- 
tort stand, Insei't the base of the pipet into 
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the bttiec encl of the^ rubber stopper until 
it is in contact with the tip of the syringe. 
.Adjust -the assembly i so ^ that- the pip'et oc- 
cupies a vertical poaition, 

(4) Allow the mercury and the pipat 
^to reach room temperature before starting , • 

the calibration. 

(5) ^-Determine ^e temperature of the* 
niercury, \ ' ^ • ' * 

(6) Slightly withcfraw the plunger^ of 
the syringe, ^ 

*(7) Hold , the beaker containing mer-^ 
cui.y so that the tip of tHe pipet is immersed. 

, (8) Withdraw the i^lungeV of the sy- 
ringe until mercury reaches the 20 cu mm 
mark. 

(9) Hold the barrel of the syringe 
steady and quickly pull the beaker of mer- - 
cury away from the tip of the pipet. (Slight 
fluctuation in the . column 'of mercury at 
this point has no Appreciable signiflcance 
prqvided there is no loss of mercury from 
the tip of the pipet. ) 

(10) Expel the mercury from the pipet ^ 
into a weighing bottle by , manipulation of 
the syringe. (The weight of the weighing 

/bottle is precisely determined before start- 
ing the calibration,) 

(11) Weigh the mercury tad the weigh- 
hig bottle on an analytical balance. 

c. Calculations r 

(1) Determine the weight of the pipet- 
ted mercury by subtraction: (weight 
weighing bottle +^ mercui^ — (weight 
of weighing bottle). As an example consider * 
the weight of ^he mercury to be 0.268^ 
grams. 

(2) Convert grams to milligraml^ 
inon mg 



0,2B8 g Hg. K 



^ 268 mw'Hg'. 



(3) Select the temperature correction 
factor (that ia^ the weight of 1 mirftollter 
. of mercury In milligrams) from belo^' 



Temperature 
(degrees Cinygrade) 
, 22,0 
23,0 
24,0 
... 25.0 
20.0 
• 27.0 
28.0 



Mercury 
(weight of 1 ^1)* 

. - mg 

13.54 ^ 
. . 13.54 ., ' 
' i3.54 
13.54 
• 4^.53 ■ ' 
" 13.53 
13.53 



Temperature 
(decrees Centigrade) 
20.0 
2L0 



Mercury 
(weight of 1 mI)* 
■ mg 
13,55 
13.65 



"^Thege values do not indieate the trul densities 
and weights of water and mercury but include^or^ 
rertions for varloua factors, such us the cocfTicient 
of expanaion of glass and the buoyant effect of air 
" on the fluid weighed. > ' . . 

(4) ©he "volume of Mxe pipet is ob- 
tained by calciilating the volume of mer- 

Example: 

^^^^ ' ■ = i microliter Hg. . 

Wt, of mercury in mg ^ r~ilS;^g^t^f ~ ^ vol, H 

in microliters, ' . 

J 4 Hg 

(Wt of delivered Hg) 268 mg Hg, x Y^^';^^ ^ 

^ i ^ . 19.8 vol 

The expected weight for 20 cubic micro= 
, liters of mercury is 270. S mg. 
NOTE: For routine purposes* 'it 'is a'ccept- 
able to use pipets within ± 1 percent of 
20 mkro liters without making a correction, 
Therefpre, pipets which deliver 268,1 to 
273,5 mg of mercury would be acceptable. 

Discard unacceptable pipets, 

■ ' f . - • 

2-7. Blood Cell Coun.ting Chambers: 

a. The most common type of hemacytor^- 
eter consists of two counting chambers 
separated by grooves or canals; On the 
smooth glass surface of the 'counting cham- 
ber are straight lines etched into, glass in 
a gridwork pattern. The Neiibauer ruling, 
preferred for hematological work, consists 
of a gridwork with dimensions of 8^mm 
by 8 mn>. It is further divided into 9 smaller 
squares with dimensions of 1 mm by'l rnmX 
4 of these squares are used for the lyhite 
count. The 8 outer squares are further sub- 
dividect into 16 squares 0.2oymm on a side. 
The centrah square is divided into 25 
squares. 0.20 mm. on a sideC which are used 
for the red cell count. \Thus the large 
squares are 1 square mnfll the 16 small 
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squares in the. outer Iflrge squares are: 1/16 = 
square mm and the 25 central squares are 
square mm (see figure 2=3). - 

I b: The coverglasB must, be free of visible ' 
defects^and must be optically plane on both 
sides^ within i 0.002; mm according to the 
US Bureau of Standards. Wher^ 'the cover^ 
glass is placed on the platform thfi sphce 
between it and the ruled platform should 
be 0,1 mm: '■ 

2-8. Cleaning. Glassware can^be cleaned in 
hot, -soapy ,water and thbroughly rinsed in ^ 
distilled water. Blood dilution pipets can ' 
be . washed" by flushing water and^ acetone 
through them/ Ordinary . household bleach 



can be used; to remove blooc/clots in the; 
bore of pipets. Dilution p^etsWe dry when 
the bead mofe^rfreely in the binb. Glassware 
to life used mv coagulation ^studies must be 
scrumiloushj^ clean. This glassware should 
be clWnerf^ in nonorganic detergents and 
rinsed well with distilled water. The etched 
surface of the hemacytQjmeter . should* be 
rinsed in water and blotted dry with Jens 
paper to . avoid marring or fui^ther etching 
of the lines on the surfaces. A method of 
cleaning small bore tubes and pipets (such 
as Wintrbbe seditnentation rate tubes) is to 
attach a capillary pipet* by a rubber hose, 
to a water^type suction pump. Attach the 
tube to the flat eild of the pipet and hold 
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the tube under water. Blood is drawn frOTn 
the tube as water is drawn in. When the 
tube is clean^ invert the tute, remove' the 
residual water'by suction, and allow to dry. ^ 
.Occasionally, the tube shoulc! he cleaned 
\^ith diUite sortiiiTTi. hypochlorite (household 
^Seach) to remove deposits of residual blood, 

2-9. Preparation of Siliconized Glassware: 

a. Coating.Mate^rials':^ ^ 

4* (i) Silicone (SC-8t DrNFilfe avail- 
able from Geheral Electric CorporaCTSf#!f Sil- 
icorre Produjts Division, 'Waterford, Ne%v 
York). 1 — ■ 

(2) Xylene. ... 

(3) 10% Silicone SoUition. Add lOCT 
. ml of iconcentrated silicone solufic%to.90p 

ml of xylene in a d?ean grounu^lass- 
stoppered bottle. This solution can be used 
. ,^^^^^^definitely. 

b. Procedure: 

(1) Handle the 10% silicone soUition 
with rubber gloves and work in a hood 
equipped^ith an exhaust fan. 

(2) '^yringes, barrels, and plungers 
are coated wijh 10% silicone solution in a 
large beaker. 

(3) To coat test tubes, fill one tept 
tube with the 10% silicone solution. Rotate 
the tube and: transfer to other test tubes, 

(4) Pipets are ^ated by placinf tip 
of the pi pet about 2 inchea into the solution. 
Draw the solution up with a suction bulb 
an inch l)elow the moi^h end, " 

in) Allow the glassware to drain for 
20^ minutes after coatmg. Rinse well in tap 
water and then in three or four rinses of 
distilled water. Dry in an oven at 120" C, 

= c. Discussion: 

(1) .Glassware can be desiliconized by 
soaking in saturated sodium hydroxide for 
10 minutes. Rinse in distilled water and 
dry in an oven. ^ 

(2) Silicone glassware can be used sev- 
eral times before recoating. 



' [ (3). All siliconized glasswai*e should be 
prepared* washed, and stored in an area 
separate from regular glassware. , 

t4) As the ^silicone ages or i\ new batch 
is puepared, perform a clotting time on 
noVmal whc^e Wood to ch©dc on the * -wet- 
tability" of the coated glaW^are, In addi= 
tion, water should have a flat or convex 
^-^^niscus in a properly coated tube. 

SECTION C— COMPOtJND MICROSCOPE 

2-10*^ Introduction.. A modern microscope for 
use in the hematology laboratory is equipped 
with an illHminator system, a substage con- 
denser; system,' an objective system, a pro- 
jector (eyepiece or ocular system), an iris 
diaphragm, nicol prisms, a tubular barrel 
(monocular or binocular bodies), and a 
mechanical stage (see figure 2=-4). A com- 
pound microscope uses * a combination of 
lenses, the objective lens (lens closer to the 
object) and the ocular lens (lens closer to 
the eye) to project the image , to the retina 
of the. eye. The objecttve lens acts much 
like a small projedtton lens which projects 
an enlarged primary image near the top 
of the tubular bar^'eh Xhis image, formed 
. in air, is knowh-as an '^aerial image.'* This 
object is viewed; through the. projector or 
eyepifece which acts like a ni^gnifler except 
that it magjlifies an aerial object instead 
of an actual object. The final image pro- 
jected on the retina of the eye is called a , 
^'virtual image" because the light rays ap- 
pear to "come ^'om the image. The rays 
are actually created by an increase in mag- 
nification by the lens system, ; 

Magniflcatlon: 

MagnifiGation in a microscop^e is lim- 
ited to the usGful mafniflcation that) can 
be achieved, that is, the' ability to ^totain 
fine detail of the^ object being examined. 
This ability to render visible the fine detaiK 
is the resolvitfy power of the microscQpe.. 
The'>resolvirig power of a microscope/is de- 
pendent on the numerlcah aperture (N.A.) 
of the objective 'lens anu condenser lens. 
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'^Figure 2^4. Compound Mlctpacope, 



Therefore;" proper adjustment of these 
leiTBM is essential in order* to obtain useful 
magnmcation, *- 

b. Microscopes in gerilral uSe in medical 
laboratories are provided with three objec- 
tives with focal lengths of 1,9 mm, 4 trim, 
and 16 ram, respectively. ^Microscopes are 
usually provided: with 5X and lOX (most 
common*) oculars. Multiplying the power 



of the ocular by the power of the objective 

gives the degi'ee of magnification of the 

oDject under observation. The' degree of 

'magnification is expressed in diameters 

(refers to an increase in diameter The 

ocular magnification, the millimeter length' 

of the objective, its magniflcatidn po%ver, 

and the total appai-ent increase obtained 

using oculars and objectives of the powers 

shown are given pelow: , . ^ . 

* • - 
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Ocular Objective- Magnification 

;10X 16 mm (laXl. . 100 ^diameters 

lOX - t mn> ( i3X) , 436 diameters 

; lOXv ' nini (OTX) 970 diameters 

Magniflcation is increased in practice by 
using a Jiigher power objective* Most m icro-i 



scopes afe^jfluipped with a ,revolviiig nose- 
piece, and selection of a0 objectivelens is done 
with ease; * ^ 

2-12, I!luminati6nr ^ 

a/ Coi'rect iUumination of the object 
under study is an extremely important de- 
rail. Incorrect lighting of the object can 
lead -to InaLCcurate results and conclusions. 
Correct illumination can be obtained frOm 
a concave miiTOr or substage light, 

b\ Illumination entering the microscope 
can be central or oblique. To, obtain central 
illumination the ligftt from the source must 
be reflectiBd from the mirror directly into 
.the microscope tube, Obfiqiie lightjing miiit 
be .avoided because an object in the ^center ; 

rpf the field will sway from side^? $ide 
wherr the^^e adjustment rotdteflWOblique 
light. \% u&tially ; haV problem with .mibstage 

filluminatori/ ;y • 

c, Regulalio'h of th€ amount of light ad= 
mitted isff accomplished by the iris dia% 
pKragm inrthe substage condenser, The size 
of the opening in the diaphrfigjii is controlled 
by, a*lever on the .side of the condenser. 
The lever of the iris diaphragm should never 
be forced to the full liniit in either direc- 
tion, Doing go may damage the delicate 

leaves ^f th'e , diaphragm. Generally, when 
oh'^er\^inff( liquid' preparations under low 
power, tae. diaphragm, opening, should be 
partially closed. Under the high d^s^ob- 
jective, the diaphragm is generally opened 
to a greater degree to allow more light 
to pass through the material. When ob- 

'serving stained preparations under the oil ; 
immersion bbjective, the iris diaphragm is 
usually opened wide, > . 

, d. The* substage cpncrenser functions to 
direct a light beam of the desired numeri- 
cal aperture (N,A,) and' field size onto the 



specimen. The size of the opening in the 
condenser together with its position up or 
down controls the light entering the -system. 
When the. condenser ^ is close to the. stage, 
concentration of I^ht is greater; as the 
condenser is moved dow*nwarci, less light 
^d .through the object under 



passes up\\^ 
observation, 

e„ Improper .illumination is indicped 
when: (1) dark points o\' shadows appear 
irf the field; (2) the outline of ah ob^ct 
is bright on pne side and dark on the^^er; 
or (3) the object appears t^be in a glare 
of light-- This can usually be t!Oi?rected by 
changfng the position of the mirror^ by 
reducing the amount 'of light by adjusting 
the size of the opening in the iris dia- 
phragm, or by raising or lowering the con- 
'- denser, . . 

2=13. Focusing, Focusing cap be defined as 
the adjustment of the relationship between 
the optical system and the object so that 
H flear imaged is obtained,/;Seyeral Jmpo^^ 
rules, to (be obsein^ed >^(hen ^focusing' the ' mi- 
croscppe on the pi^p^a^atlon are^ 

After the object is mounted on the 
stage, the objective to be used is turned ^ 
into line ^ith the eyepiece, . v 

b. Movement of the obj'ective is accom- 
plished /by revolving the nosepiece. The 
nosepiece is provided^ in oftler to enabje 
rapid r convenient substitution- of one ob- 
jective^'lar another^ This change is effected 
by grasp^ing two of tiie abjectives betweert,. 
tHe.lthatmb= apd' f^ of the Ji-ight' hand, 
aitd ^I'ofattngf them^, uiit)!^ t(^;^esirt3 objec= 

^fTve is brought ii^o,4ine.^with the axis of 
the body tube. It' is^ yei^ important tliat 
exact aliftemerit be obtained. - The correct 
setting is indicated by; a-slight , "click" as 
the objective comes into'/.]pqsi|lon, ' 

c. Whenever the nosepie* is r&volvedf' 
its movements should be obsiiwed to make 
certain that the objectives ao not come into 
contact with the object. Some microscopes 
are not par^pcal; that is, objects in focus 
under low 'power will no^ be in focus wheiV' 



AFM 160-51/TM 8^2274 5 December 1973 



the nosepiece ia rotated tQ/a hiffhir powei^ 
of magnification. It niay, therefor©', be neces- 
sary: to refocus when changing; to highei: 
magnification. In microscopes which are par- 
focal, it is possible to swing other objectives 
into place without touching the coarse man' 
. juatment and with only a slight turn of ,, 
the fine adjustment knob required to re- ^ 
store perfect focusing. ' . "\ 

d. -To bring an dbject^ into focuE,\-watch ' 
from the side and use the coarse adjust- 
ment to lower the objective until it is below - 
the point ^at which< the object would nor- 
mally "be expedted' lo cbme =lnto view. 
NpTE: "^0 avoid damage to slide or micro- 
scope/ view from side for preliminary focus- 
ing. Then/ii^ing tha. coarse adjustment and. 

■ at the same time looMng through the ocular, 
raise ^the ' b'bjective very slowly until the 
field , comes into view, , Further, adjust to 
the best image, using only the fine adjust- 
ment, . 

e. In focusing upward with the" fine ad- 
justmjBnt, the object will first appear an 
faijtjt outline, then gradually more dis- 

''tmctl}^arid finally, sharply defined. If the 
adjustiront goes beyond the point of sharp 
definition, return to the point of greatest 
clarity by using the fine adjustment. 

f. Never move an objective downward ^ 
while looking through the eyepiece^^When 
the objective is moved downward, "always ; 
obseWe the downward motion with the eye: 
helfi level with' tli^:microscop^^tage. Failure 
ito observe thesr preciiutions can result in 
damage to the lens of the objective or the 
object und^r study; ''^-^ * r ^ 

2-14. Care of the Microscope, The micro- 
scope is dn instrument of precision with 
many delicate paints, and it mUst be* handled 
with the utmost care. Care should not be 
confined to the optieil elei^ents alone. The 
mtcroscop^,is a combination of opti^^flil and 
mechanical- excellence^ one complementing 
^he other. The following precautions should 
always be observed in the care of the micro- 
^scope: ^ 
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^No un^thm*ized person^ ^should ma*,, 
■'mpulate-the microscope. . ^ ' ^ 

. h. Keep the microscope as free from, dift 
and dust as possible^ Dusty lenses produce 
foggy images, while dust in the .focusing 
mechanisms causes excessive wear of those , 
parts, . V ' "^ ^ i ^ 

c.^ The inicroscope shot^ always ibe cov-' 
e r ed wh eh' n ot i n us e . ^=.^.=:^_^^-.- 



dr Carr should -^^e taken to prevent all 
paints of the micjoscope from coming into 
^ contact .with acid, alkali, chlorofbrrri, alco- 
hol, or other substances ^hich corrode metal 
or dissolve the cementing substance by 
mef^ns of which the lenses are secured into 
the objectives and oculaa^s. 

e^ Always 'carry the microscope wijh twp . 
hands by the arm and base, ^ ^ " " 

f. Avoid sudden jars, such as placing the 
microscope on the table with undue, force. 

^ g. No dust should be permitted to settle 
on tjie lenses nor;; should the finder come in 
* contact with any of the surfaceSv ^ 

h. T]/b lens system should nW^r be sep- 
aratedf as the lenses are liable to . become 
decentered and dust can enter, 

i, Avoid all violent contact of the objec- 
tive lens a^dt'he coverglass. ; ■ 

, j. Kee^^ eyepieces in the microscope' at 
; airtihies to free of dust ^ 

k. To remove dust,^*briish the len^ffs with 
a camers hair brush:' Avoid hard wiping^ 
as dust is often hard and abrasive. ; 

L Xylol is the only agent which shouIH 
be used in cleaning lenses or removing 6i\ 
from objectives. Only small amounts of 
xylol are ^necessary and should be used with 
care. ' ■ 

m. When sewing machine oil is used to 
lubricate moving parts of th^ microscope, 
all e'xcess should be wiped off t'O prevent 

the collection of grit and dust. 

^ ^_ ...... . . . . 

n> The microscope should be profected 
against direct sunlight and moisture. 
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cium chloride to Asorb moistiire. In warm, 
humid 'climates, the lenses m unprotected 



o,\:Ii) very wartn, humid ^ clinaates, micrd-. 
, Jscoi^^ ^sh^ld- be stored, .in dry^cabihets 
^"^l^when' not in us^ Such cabiMts should 

.reasonably airtight, equipped with a light 
, , ^ bulh to supply hfat, and severjtr cloth bags 
containing , a hygroscopic salt such as cal- 

J mois^i 
3ns es % 

microscopes can be attaclcgS^ by certain 
^ :t ungi wKTch" et^cF glas s and. r u i n the J $ns0,ai, 

, -p. After use, .alj^ays turn the nosepiede 

; ;;>' to a positiOH wfiich brings the low power 
objective into direct line with the^ opening 

■ . 'in the substage condenser. If this precau- 
;':tion is not tajcani'^he longer, higher -powpred 

^■>;^f Csbj actives can accidthtally come .into Con- 
tact with the condenser lens. . . 



q.rfChe entire; microscope should be 
cleaned ' frequently to remove, dust, finger 
ma^ks, oil^ ' grease, and remnants of speci- 
^ mens. All parts ^qf ^the microscope should 
^be kept scrupulously clean;at all times. 

r. Never ta^fper with any of 4he pArtS'- 
;0f the micrc^ope. If the instrument does 

not seem to be "functioning properly, im- 
^ mediately calUrtJie matter to the attention 

o^f the laboratory officer, \ / / • 

s. Maintenance of the micrbscope should 
be done in accordance with the manufac- 
turer's booklet of instruction. 

Immediately faff er use, the oil jmmer- 
sion objective must be wiped clean of/ oil 
with a s'oft, absorbent iens papfer.. 




^1d. Types: 

a. Binocular. This type of microscope is 
preferred since it ^ives a more natural and 
restful condition of oblervatipn. A beam-' 
dividing prism and three ' mirrori' divide 
the light equally, sending half to the left 
\ eye and half t6 ^the right eye, The coating 
on the mirrors -is^ enhanced by aluminum 
to increase the reflectivity. The ^ binocular. 
.-^ body is protected by coverglass lears'to keep 
f.;/.dust from entering.- The binpcinar- com- 
1 /pound microscope is the preferred^ %ifcro- 
' scope for routine hematology, , 7 



-[i b,* Phase. Ph^p : microscbpy *i% becoming 
increasingly pr.efalent in platelet ^ counting. 
Irt bright-field illun^nation, * a completfely 
transparent specimen is difflciilt to ' see in 
any detail. By using phase contrast, trans- 
/ parerit living objects can 1ie*studied, Phase 
'^microscopy operates on the principle that 
if'^a portion .^f light is treated differently 
^•pm th^rest^' and- caused to interfere with^ 
, . the rest, it produces a visible image of an 
Otheuwise invisible transparent specimen. 
Phase contrast.^ accessories are availablie 
frbni the standard optical c^mpanl'es.^ 

SECTION D—CENTMFUGES 

^ '2-16, Types: A 

a. Table ^op Models. These units are 
mounted /on rubber . feet which absorb vi- 
bratiqh= The spfed iV controlled by means of 
a rheostat on. the /f rorii panel; Top speeds 

^ of centrifugfsi^ wWl^ vary and the top speed 
' of, a particular instrument should be known 
in' order to^ use the speed control device. 
NThose centrifuges have adapters to hold:>6) 
tubes knd adapters for 12 tubes. ;J 

b. Floor-Mounted Models, The ^heavier 
floor-mounted models accomfnodate a lArge 
number of /tubes ^ at one ^time. Th|;' top 
speed of these ihstruments is higher/ than 
that of table models. Because of tt^eir in- 
creased inertia^ the^ are eiqnipped,;with a 
brake to facllifate stopping. In. these units, 
the tubes are placed in' balance^ receptacles 
whid^l?a^e^ mounted on spokef' femahatmg^, 
from a central hub. ' - 

c. Microhematocrit Centrif.l|ge., This cen^ 
trifuge is ^ a special type, of ^high spe<^d 
centiifuge employed to spfrf^ capillary, tubes 
l^see figure 2-^5). The circular tube holder 
on this centrifuge is Mt^: surrounded by 
a rubber ring. It has a-fc-apacity of 24 cap- 
illary tubes. After a ^capinary tube is filled 
with blood, it. is elosa^\with .a commerci 
plastic sealing materi|iI^ Cminrfg-ceM^ 
tion the ^sealed en dJ'^iBV: always placed in 
position facing towartf the outsiAfe of the 
holder plate. Mo^t^i^en{rifuges ofHhis type 
spin the tubes at IOVQOO rpm. 




Figure ^5. Microhematdcrit Centrifuge and Microhematocril Reader. 

^17. Preca-ullons, In all instanced -wh0ii:j .!i; uii^^ each other, tliey' must be of identical 
ce^trif ligation is required, careful, attanWon, J Svfeigh^ they must coi^i^^J the same 

m ifaf \}B given to bal an c i ng tHe ^ iffi i t s Thi s . ' a m o li nt "bf fl u i cl . 1 f a t a II i ) o s b i iJli xi e n t r i f u ges 
means that tubes must be pladed feKaCtly' -^^ ^ should be equipped with tachoi^etcu*s so th 
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i^'Apted ma^rbe checkf^^ Certain 
: prdceciureSj; such as fiematocrits, requii^A 
/ critical relative centrifugal force (RCF or G) 

To determiiie 'the RCF for these pro- 

%edqrej| consult the' ^erolopf manual or a; 

*nornograph* The iniide of ^the centrifuges 

should b^ 'pecaplpnailyr cleaned to prevent 
; dust particles from being: into speci- 

; mehs. The on thl^^^fft^ be 

.closed lind locked before and durl^ operation/ 
- Only; ppeh:; the Jid ^ whert thi, centrifuge has 
^topped rotating* • - ' . : 

2-18. /Introduction, /In recent years instru- 
/imentatipn h to autbn^ate 

. many^ heTnatQlogicar arialysesr The use of 
autpniated equipment in the laboratory has 
■ Increased the pumber of analyses pet^ormed 
by decreasing the man-hours spent on the 
analyses. These instruments perforin yarloiis 
functions such as: dillitio)iSj staining, cell 
counts, hematdcn^^ hemogldbiit, coagula- 
tioh studies, and indices. The type of instru- 
ment used by; ^ particular laboratory de- ' 
pends on the size of the dally workload, 
thfe complexity of the method used, and the 
technical ability of the technician perform- 
ing the analysis; If the number of hema- 
tology requests received is SO-40 a day/' it 
would be advantageous to have automatic 
"diluters, pipetters, and electronic , cell count- 
eps for blood cell counts and hemoglobih 
determinations. Whin the number of routine 
requests approaches 100-150 per day, an 
autoniatic hematology system should be con- 
sid^redV 

.2-19* Dilutors. Automatic dllutors assist in 
the processing of large numbers of speci- 
mens by reducing technician time par test. 
Repetitive dilutions can be accomplished 
rapidly with an instrument similar to the 
one illustrated in figure 2-6. The concept of 
an automatic dilutor iiivolves the sampling 
from a larger volum,e and the dilutiort of the 
sample. The automatic dilutor is essfentially 
two syringes that can be operated in a sys- 
tematic manner. One syringe measures and 



draws the sa.mple, the bther syringe meas- 
ures the diluent. BothVsyrinffes can be: set to 
dram a metered amount repeatedly within an 
aflbwable range of error. A daily calibra- 

-tiori chfck of this instrument is recom- 

^ mended to insure accuracy. 

2-20, Slide Stainer, The automatic, slide; 
' stainer is . a coordinated three-phase . opera- 
tion thftt fixes, stains, buffers, rinses, and 

^drles dlflTerential slides at a rate of approxi- 
mately . one per minute. Stain, packs are 
available with this instrument, but satis- 

- factory Wright stain and buffer M 
pared in the laboratory. The slide stainer 
is illustrated in figure 2-7. / 

3^21. Cbunting Devices r 

a. Introduction. Two automated methods 
are available for counting- blood cells. The 
^optical system is based upon the production 
of light impulses. In this system, the cells 
are diluted and drawn through the couhting . 
zone by ^]poiSitive displacement metering 
pump. As 'cells pass through the /counting' 
afea^ they prodtice photo.electroni^* impulses 
which can be counted. Another method of 
aiutomatlng blood cell counts utilizes the 
principle of resistance in an electrical field. 
Since blood cells are poor electrical con- 
ductprs, they act as resistors to current flow. 
As more cells pass into the electrical field 
they offer correspphdihgly more resistance. 
The change in the current flow caused by the 
change in resistance is sensed and counted 
by a digital counting apparatus. The digital 
counter is designed to produce* numbers in a 
range which approximates the number of 
blood cellsithat cause the resistance. 

: b. Coulter Counter (Model FN):^ 

(1^ The Coulter Counter (see figure 2-- 
8) operates on the principle of resistance, 
A suspension of blood cells in an electrolyte 
(that is, saline) is drawn through an aper- 
ture with electrodes on each, side to form 
an electrical circuit. As the blood cells pass 
through the aperture, the mass of the cell 
changes the resistance between the elec^ 
trodes. The change Pf resiitance alters the 
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Figure 2-6. Auiomatie Dilutor. 



current . flow and causes electronic pdlses 
as a result ;df the variation in the field. The 
changes are amplified, inspected^ and cbunted 
electrpnically. The end product is a nuinber 
which represents the number of blood cells 



in the sample being counted. By arranging 
the pulses, the. sampling volume, and the 
sampling time, the Coulter Counter reports 
directly the number of cells per cubie-milli- 
meter* A schematjc of the operation of the 
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Figure 2-7. A]utoniatie Slide Stainer, ' ■ 

GDulter Counter is ilUiitrated iij figure 2-9. 
When the valve Is openid, thfe mercui^ 
fairs, thui creating a vactfum in the sampler. 
This change in presaure causes cells in the 
sample to be sucked through the aperture 
and into the sampler. The removaEl pf cells 
from the sample causes a chang^in electrical 
conductivity between the twp electrodes. 
This change is amplified and displayed on 
the scope. It is fyrther^ amplified and re- 
gistered on the digital counter* The higher 
the count,' the greater the probability that 
more -than one cell' will enter the aperture 
at one time (coincidence passage), For- this 
reason^, WBCs over 10,000 and^all ABCs are 
corrected for coincidence passage. 

(2 ) Adequate piaintenance of the Coul- 
ter Counter will reduce Incidence of instru- 
ment failure. The following should be done ^ 
on.a daily basis: ; - 

(a) Observe the mercury trayeltime 
in the manometer. If the mercury column 
does not :^n0ve, movei erratically^ or flows 



quickly IntQ the aperture tube, the manom- 
eter needs cleaning./ , r , ^ ■ -^y-. / : 

(b) Record a background count .with 
di lueht and: diluent plus saponin at the WBG - 
threshold setting. / . ■ 

(c) Eefcord the control suspension 
counted at the RBC and WBC settmg. 

/ / (d) Flush orifice with dilute .so'diumL 
hypochlorite (bljeacTi). Flush the system 
thoroughly with distilled water,, and then 
saHne. 

; (3) In Wdition, to the daily maihte- 
nance, the following maintenance should be 
performed once a week* 

(d) Qi] the vacuum pump. 

(b) Clean the briflce; be ve care- 
fur with the ^riflce insert* 

(c) uheck thres1ioltoero;r 

(4) Ch#ck the threshold plateau every 
month.* 

(5) Once every 6 months perform the 
following maintenance; 
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SAMPLI— ^ ^--APERTURE 
Figure 2-9* Schematic Diagram of the Coulter Counter. 



(a) Change the latex tubing. 

(b) Clian the manometer. 

(c) Check the cah^bration factor for 
the instrument. . 

c. Fisher Autocytometer. This instru= 
ment is a photoelectronic counting device 
which uses an optical sensing system and an 
electronic counting system. A schematic pre= 
sentation of this arrangement appears in 
figure 2^10. The blood cells; are diluted; 
syringe fed into the counting area, and in- 
spected by a reversed dark field microscope 
arrangement. When no particles are present 
in the sample, the narrow light beam from 
the lamp passes straight through to a dark- 
field disc, which blocks further passage. 
-However, any suapended particles, such as 
Hblood cells, will interrupt the light beam. 
Scattering of the light beam due to the 
mass of each blood cell causes a light flash 
to pass arpund the dark-fleld disc. The light 
flash is focused into a detection system and 
converted into an electrical pulse that can 
be counted, - , 

d* Problems of Electronic Counters'; 

(1) pilutioif iriaccuracies often result 
in erroneous results/ ^ 



(2) False impulses resulting from elec- 
tronic problems such as interference from 
other machines can cause erroneous results. 

. (p) Contaminating particles in appar- 
en tly clear diluent are another |ource of 
impulse. Background counts must be made 
daily on all diluents. ' 

(4) White blood cell counts are not 
accurate over 10,000 per cu mm and must 

'^e diluted with saline. . =" 

(5) High platelet counts or nucleated 
erythrocytes can cause erroneously elevated 
white blood cell counts. A correction must 
be made if these cells are observed oh the 
blood film. ' 



SQUARE APERTURI DEFINES 
^ SHE OF LIGHT BEAM 




PHOTOMULTIPLIER 
TUBE 



* TO ELECTRONFC 
COUNTING CIRCUIT 



Figure ^10. Schematic Diagram o£ a Photo- 
electric Particle Counter* 
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' ■ (Sfvptandardization with 
h^acyjc^Mter results* 

■A] - (7) Btibbles^^m^^^ since they 

will be counted as cells. ^ 

(8> Th6 orifice of the counter can be- 
co^n© plugffed^KAll equipment used with the 
counter should be cleane^^^ / 

(9^ The ^eqttipmmt has a high -initial 
coat; taeticulous;^cariB is required for the 
proper maintenanbe of the counter. . 

2-22* IL Hembgloblndmeteri, 

~a:^-^hia instrument^utiU^ 
Ipresentation for a r&pid readout of hemo-;^ 
%lobin concentration. It contains a high-- 
precisioriv interference fliter with a. wave- 
length of 548'5 nm. In principle^ this 
instrument measures this three naturally 
occurring hemoglobin pigmenti (pxyhemo- 
globin, reduced hemoglobin^ and carboxy- 
hemoglbbin). This iristrument is not suitable 
for rapid measurement of cyanmethemo- 
lobin and hence cannot be effectively used 
for certain artificial standards or survey 
amples which egntain variable quantities 
^ of methemoglobin. 

b. Operatipn of the/machine is Vsimple. 
Prior to actually testing a speclmenj the 
miachine must be set using a baseline saline 
solution: This is done, by running saline 
through the machine and adjuating to iero 
with the zero control Next, the. machine Is 
calibrated using an amaranth dye solution. 
The machine is adjusted to 15 grams per 
dl with this cdiibration solution. The ma^ 
chine is now ready to accept the actual 
specimen. An internal pump draws the speci- 
men up through the Jong slender sampler on 
the front of the machine.. Ah aliquot of a 
hemolyzing solution is then pumped from 
the reservoir. The specimen is mixed, hemo- 
lyzedj and passed through a filtered cuvet 
for reading. The reading goes to an 
analog computer which converts it into a 
numerical reading that is displayed on the 
digital readQut register. , ' 

2^23* Pibrometer, The Fibrometer (see figure 
2-11) is an automatic instrument used to 



perform i*outine coagulafidn tests. This in- 
itrument consists of a preeislen coagulatm 
timer, a 37.2 ± 0.7^0 incubator block, and 
^ an automatic pipet. The automatic plpet, 
attwhed to the Fibrometer by ah electrfc^ 
cord, dispenses reagents or plasma and 
automatically activates the Fibrometer. A 
plastic cup beneath the probe on the Flbrbr; 
meter Is charged with reagents. When the 
plasma is delivered with the switch on the 
pipet in tiie "ON" position, the timer is. 
started and the electrodes drop into the 
mixture. The first fibrin formation on ; the 
electrodes closes the circuit -and stoj^ 
timer, the elapsed time in ^seconda is read 
directly from the digital readout register 
on the timing device.; This instrument Is- 
manufactured by the Baltimore BiQlogical 
Labpratory. * • 

$^24. He^feological Systems/; Complete he- 
matological systems have been developed 
that perform seven hematology param* 
'eters~red blood cells count, white blood cell 
countj. hemoglobin coneentratioh, hemato- 
crit, mean corpuscular volume, mean cor- 
puscular hemoglbbin, arid mean cprpuscular 
hemoglobin concentration.; These ihstru-\ 
ments autorinntically dilute and analyze the 
specimen, and tabulate the results on data 
forms. 

' a. The Technicon SMA 7A. This system . 
is a sequential multiple .autpanalyzer' con- 
sisting ofr a sampler containing 40 cups, 
a propoi^tionating pump which precisely pro- 
pels reagents and samples^ a manifold con- 
sisting of constant diameter plastic tubing 
and mixing coils, an optical-electronic cell 
counter, an electrical condiictance ,flow cell 
to determine hematocrit, a colorimeter for 
hemoglobin determination, and recorder td 
measure the data. The sample- is split into 
four streams to perform (1). EBG countj 
(2) WBC count, (3) hematocrit, and (4) 
hemoglobin- -The instrument performs four 
separate .determinatioris at a rate of 60 
samples per hour or 240 tests per hour. 

b. Model S Coulter^ounter. This Instru- 
ment (see figure 2-12) , Utilizes automatic 
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Figure 2-11. Fibrometer. 



dilution analysis to perforni the seven l\eiria- 
tology parameters. The RBC and WBC 
counts are performed in triplicate. If there 
is any disagreement due to debris or other 
error, the . technician will be alerted by an 
alarm system. The patient sample is intro- 
duced to the sample aspirator and the patient 



Identiflcation card is submitted to an auto- 
matic printer. The instrument is activated, 
it aspirates a sample, it perfo^Ais the neces- 
sary dilutions, and/the results are printed 
autornatically on the patient's identifica- 
tion card, The Coultfer Model S analyzes , 
and records the data quickly and accurately. 



2-25. Maintenance of Automated Hemato- 
■ logical Equipment, Operation of alLlaboratory 
equipment according to the manufacturers' 
instructions is imperative for valid . results. 
In addition, periodic maintenance and clean- 
ing following manufacturers- and Internal op- 
erating procedures must be performed to keep 
the equipment in operating conditioh. All op- 
eration and, maintenance must be perfonned 
by competent person neL 
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BASIC HEMATOLOGICAL PROGEDURES 



SECTION A— COLtECTrON OP BLOOD 
SPECIMENS 

Sr-l, Jntroduetloiii 

T Hamatologleal labpratory procedures 
are bagid upori the examinatidh oi blood 
specimens. To obtain valid test results, 
specimens must be properly collected, proc- 
essed, andl recoifled. Blood specimens are 
usiially obtained by dther vepous or: eapil^ 
lary punclure. The source of the speclmeh 
is determined chiefly iby tht quantity^ of 
blopd required^^ to perform the laboratory 
procedures and the age aftd condition of 
thepatlant. 

b.' There W generally little difference in 
hlpod counts performed on venous or capil- 
lary blood if a fre^-flpwing capillar blood 
specimen ■ is . obtained. Valid blood counts 
cannot be made when capillary specimens 
are ^ not taken frcai^ a foee-flowing sample 
or when they are obtained from cyanotic or 
calloused areas or areas of local stasis/ White 
blood cell counts, made on blood obtained 
from such sourceg can vary as . much as 
1000—1506 cells peK^ mm from their real 
value/ For general 'purposes, however, ve- 
nous samples are preferable since they allow 
for multiple and repeated hematological ex- 
aminations and provide a suflBcient quantity 
of ' blood for performing any other required 
laboratory procedure. Further, with venoijs 
blood the chances of error are reduced be- 
cause operations are made under ideal condi- 
tions and repeat operations are possible. In 
situations where there are limitations on 
the quantity of. blood which can be obtained, 
that is, tti small infants or extensive burn 
cases, microquantltative methods are satis- 
factory for performing an analysis on a 
specimen obtained by capillary puncture. 



3-2,; Venipunctures 

a. Site. T0 obtain blood by venipuncture, 
draw the specimen directly fyora a patient's 
. vein with a sterile hypodermi6 ;needle and 
syringe ^r a vacuum_bIood sampla. dfivice. 
in a,dults use the veins located in the -prox= 
im^I forearm or antecubital space as illus- 
trated in figure In infants employ the 
Jugular of femoral vein for the venipunc- 
ture* The vein selected should be large, 
' readily alccessible, and sufflciehtly close to 
the surface to be seen and palpated. If veni- 
puncture poses a problem due to the age of 
the patient, .sclerQtizatl on due to repeated 
venipuncture, or any other ;un usual circum- 
stance, the technician should consult a 
physician concermhg the procedure^ UNDER 
NO CIECUMSTANCES SHOULD A TECH- 
NICIAN WITHDRAW BLOOD FROM A 
SAGITTAL SINUS, JUGULAR VEIN, Ofe 
FEMORAL VBIN. This should be left to 
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Figure 3-L Slip of Venipuncture. 
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. ^tKfr .^scretipn of the physidiari in ch^r^*: 
:»Ooca^9p^y, the best, ysiri is foupd on-^ths ' 
hand, 'legMiOr foot. These areas are more 
seniJtive,^ !^ not as- flrmly 

^^nchored as those of the arm. /Veins can 
oeeome distended and, easie^^ to enter by al- 

V lowing the arm to hang, down for 2 or 6; 
minutes, by niassapng the . blood veiiel 
toward the bodyj or by gently slapping the 
site of puncture,^ young and yigdtous persons 
oisually have elastic veihiB : well t fllted with 

> blood. Elflerly debilitated periods can 

^Jiaye >saI^iaWid^pii f 
hhard to enter or which collapse easily. 

; b. Eqitipment, All syringes, needles, lajr 
Gets, -and other instrunients used for the cm-" . 

^ lecf ibri of bldqd speoimens trttist: '^be sterile; 
Disposable syrihges. or blood colleetio^^ sets 
with vacuum tu^s^ are available throu^ 
. , normai supply channels. These should be 
used whenaver possible* Aseptic teehnique 

; is n^essary ' to preye|it the , possible trans- : 
missfdh.M homologous serum hepatitis. The 
following equipment is necessary to perform 
a yehipuncture: , , . ' 

; (1) Isopropyl alcohol, 70%. Dilute 726 
rtnl of 95^ isopropyr alcohol to 1 liter with 
distilled water* ^ - . 

(2) Tourniquet. . 

^ (3) Alcohol sponges. 

- (4) Sterile syringes or yacuurn; blpofl. 
sa.mple devices. 

(5) Gau^e pads, 2 x 2 inches. 

■ ; (6) Needle, 1 to 1 1/2 inches long, 19^ 
23 gauge, / ' V 

(T) Suitahle blood collection tubes and ^ 
^labels, 

c. Preparatipn: ' 

(1) ; Cleanse . hands thoroughly with ^ 
soap and water. 

(2) Place an identifying: labjei. on the 
: bipod colledtittg tube; " ■ ""^^cv ' V 

(3) AssfemBle the sterile needle and 
syringe. If a vacuum system is used^ screw ^ 
the needle into the plastic; hblder. Always 



leave the' vid\0yering 6\^^ t^ 
/hot in use. ' • / . ' y ■ ■. 

f4) Inspect the needle bevel and pdlilt 
against a light background. The bevel should, 
be smooth ahdJiphlny and the' point sharply^ 
tapered. Discard damaged needles. : , j 

(5) Ghectf' to be sure that the syringe 
wrks smoothly sind that the iieedlS:^is^Mt : 
plugged or burred. The syringe and ' needle 
must he dry to avoid hemcto^sis of the red 
cells. The 'plunger muit^match the syrin^;;^ 

; and must be. pushed firmly to the bottom o^ 
(hff eyIindP W 

th^ velh; V ■ ' . v. ^' 

' td^; Sy^nige'*PTO : ■ *^ 

* ' . ( 1 ). Place a iou r riiqu et ■ aro und the pa- 1 
;tient-s arm\ above thf elbow ti^tly Enough 
to check venous circjulatiflin, but npj so 
tightly as to stop arterial flow, CAIJTiONV- 
Do not allo%v the tourniquet to remain in place 
^ for more than 2 minutes. Check the pulse 
at the; wrist to make sure that arterial cir- 
culation li hot cut off. 

(2) Instruct the -patient to open and : 
clo|e the fist several times to Increase cir- 
culation. ' : , V .. , 
, iS) By inspection and palpation locate 
the desired vein, determine the direction of 
its course, and estimate its size and depth 
j[see figure 8-2a). , ' ' 

, (4) Cleanse the skin oyer the selected 
^ivelri with gauze soaked in TO percent i^-; 
propyr alcohoL' Wipe off excess alcohol with 
a sterile dry gauze. Do^ not contaminate the/ 
area after cleaning (see figure 8-2b). 

. (5) Have the patient "make a fist" an^ 
straighten the arm. Ft^equently it Is helpful 
to have the patient place the clenched fist of 
the pther hand under ^the.elbow to straightpn 
the arm.' ' ! * - ^ - ^ v 

(6) Grasp the syringe in the right 
hand and place forefinger on the hub of the 
needle to guide it. Grasp the forearm with / 
the left hand about 2 inches below the area 
to be pifnctured and hold the skin jaut with 
the/^humb (see figure S--2c). ^ 

)(7) Witti; the needle bevel up, parallel 
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o. Loeate the vein 



b. Clean the puncture site 




c. Gu ide need le towa rd the vein 

Figure ^2. Venipimcture Procedure. - 

: : ■ -.;::v.;:\ 

to, and alongside the vein, insert tKe' needle 
quickly; under the skin and then, into. th,e 
vein. The insertion into the skin and vetti 
dan be performed in one complete inotion 
(see figure .8-2d). After entry Into the Vfin^ 
blood- will appear in the needle hub. Do nc^ ' 
probe or move .the neadlp, horizontally^ as , 
discomfort and possible nerve damage may 

reiult.^ - . . - ^ - •; ^ . 



d. Ihserf ^need l# into the, vein* 



(8) Aspiration of the blood is accbm* 
plisheS B^ gently, pulling upon^^^ syrm^e. 
pluhger (see figure 3-2e% The lyringe oat- 
rel should be held steady duri.rtg this proc= 
.ess^Withdraw the desir& quantity. ' ' ^ 



(9) Remove the tourniquet (see figure- 
3-2f ). ,Tliis must be done prior to with- 
drawing the needle from the vein* ^ > 



■37 : . 



e. Aspirate the blo'pd' 



W;|RemQve ^tHV tob rn iquet 




Place a ster lit gauze pad over 

the irte and v^ithd needjif 

• " ■ ■ ■ ■ ^ . ■ '#-0) 

Figure 3-2, Continued* 

: (10) Place a sterile gauze pad over the 
^ point' where -the needle. enters the skin and. 
deftly withdraw the needle- simultaneously 
putting pressure on the site 4 see figure 3-2 g) . 

(11) Have the patient extend' the arm 



h. Have tha patient extend the 
a rm and ma in ta in light p res.su re 
on 'the s ' 



. and maintain light pressure on the gauze 
pad over venipuncture site (see figure S-2h). 

e. Vacutainer Frodedure: 

(1) Place the Vacutainfer tube iii the; 
holder until the rubber stopper reaches the^^.^ 
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Figure 3-3. yacutainer Syitem. 

guidillne. The shori needle should be^' epft- 
bedded in the Btoppiit bvitJhB nm^jmA:: 
not break^he,vaduum (see flgure S^S); ^^^V 
^teps 1-6 In \ paraf raph 



(2>F6Ilow 



.1^ 



Vi }^ >^ 4S) ^nter the vein with the needle par^; 

horlzdhtal movement of the neWle while's^ 
under thi skin must be avoided, Heleds^^ttie 
. tourniquet. ^ . ; ) " 

' \ (4) .^fteir entr^ into the vein ptfih the 
*tube all the ^way^ into the h is 
broken J aiii^f bWpd^^^ 

= (5) Other tubes can be inserted in the 
I . /SiaflTO manner if needed. 
^ * (6) place a sterile gau^e pad over ttie 
. point where the' needle enters the - skin arid 
Seftly withdraw the needle, placing pres- 
sure on the site* ' ^' 
■ " (7) .Have the patient extertfl the arm 
arid maintain light pressure on the gauze 
: pad over^e venipuncture sit^. v ^ 

.£w,'^©tgqii|sion: 
V (1) Cieanliniss is essi 
\ forming a venepuncture. 
^ ' (2) It is most important .that cbrrect 
technique be practiced in ^rder to avoid un-. 
, necessary pain to the patierttj pri^ent tissue 
damage^ secure a good representative blood* 
specimen, and prevent contamination of. the 
specimei] or infection of the patient. 

^ ^(8) Syringes an3*needl^^ must be thor- 
oughly inspected for damage or marfuridtiian. 
|^:^^^v.; .^ If difflieiriip^^^is.^^ in eh-^ 

:5:^vjW^^^the vein on^a herhatbma b^lgiris to 
^'"^fOTm;f releate th^y^aurhlquet. and:^ promptly 
. withdraw the \needle and apply pressure to.^ 
the wound* ' - 

(5) Vigorous pulling on the plunger of 
the syringe can collapse the veinj produce 
/ hemolysis of the blood specimen, or cause. 
■/ .'airto enter the syringes - , 




^6) When repeated 
to .be performed on one- pa^^ it:feviid^iSi 
abla^ tp>sil^^; di ' 
, \:?^^itH(dta^£^^ " ■ ] - ^ -.^ 

f ^^^^'^ 't^^^ early 'as 

p^^siHfe oric!^ a %ood flow.pf blood has been 

"e^tahlished. Prolonged application of the; 

^tourniquet results in partial stasis of blood 
tVand changed many quantitative vW.u^ of 

4)blpod components* 7 ^ ' 

^-^; . (8);iBlood drawn by venipUMture is 
.^v-^jrten^stgred for a period ot tim^ before it is 
^ iShalj^^^ reason^; ce^t^lhgeri 

precautioim^must b^-M^ in order to in- 
sure a Talid 'analysis -BisjFor^ withdraw 
blood frjom its contWr^j niake sure.JHe 
blood sample is thoroughly^, but gently 
mixed* Bftod containers should be tightl^n^ 
stopptred at all times to prevent drying or 
contamination* Store the blood specimesn in, 
the * refrigpratbr. Blood counts should be 
d'bne within 8 hours after colleption* Under 
no circumstances should blood tak^ for 
hematological examination's be stw€d over- 
night. , - \ ' ;;/ ^ 

3-3. Capillary Puncturei 

a. Site. Several different sites are suitable 
for" capillary punotiire. Becaus^ it is the most 
accessible, the palmar or lateral surfa^Q of 
^the tip of the finger (preferably ring finger) 
ia; the most common 'site in adults, However, 
certain problems can be^ encoun^^ such 
as heavy calloused areas or excessive tissue 
fluids (edema) ^tha1^,tand to result in non- 
representative samptesX; The lobe of the ear .- 
can be uted for ca^lHiy putocture. However?^ 
. differencfs in cell concentration 1^.. occur 
when blood' is obtained from this site, 
primarily because of higher lymphocyte 
'Goncentrations in the ear lobe. Because of. \ 
the s^^ll amount of tissue on the fingers 
of infants, th«e preferred site, is the he^I or 
big toe* A modffifc^tion of-th^ normal tech- 
nique ^at> has ;pi;0ven flulte Satisfactory 
when working with,, thie heel of infants is to 
make two incisions in. a criss-cross fashion 

NOTE: To be a valid rfporti work done on 
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; FLOWING puncture 'N^ound; >v ; ; - - (1) The . puncture site shouUl be warm ; 

\ : ^^^^^^'''^^^^to'a^ good circuIatiQa of blood* If it m 



y^^^^T^i/i) /GBium p^ds, 2 inches,' . 
' ^ 'I?) Blood lajicIS:^ : ^ 



{ ^^teld, apply warm water (SS^-^O^^CLfor a; ; ; 
; / few nrinutes, If blood is to be drawn froFF^^^^ " 
: the ea?," the edge of the lobe, not the ^b^-^'^^^'^ : [^' ,-. 



(S) ^Glasa slides, heparinigid capillary si dft should be pin^jcftured.- 



* . tubes, and othfii' devices to receive the 
Bpecimen; 



(2) Ills yfe;;fo first 
rubbed with alc||^l spaketf gaiize to remove 
(4) Isopropyl alcoihol, 70' percent* Di- dirt and ©^itHelmn debris, increase circtila- 
lute 726 ml of 95 percent isopropyl alcohol to ^ tioii- ,and^l%nder the arefiL^; j:easonably ,dis^n- 



,^ IJiteii with diatiU wat^r,: 





a . C I e a n t h.€^^^ p u n c tu re ' s lis. 



b. RM;n^turs tha finger 




■ 



Figure 3^. Capillary Puncture Proce^dure* 
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fS) Allow sufHcient time for the cir= 
culation to equalize. \ 

(4) . While making a finger puncturfe, 
apply gentle pressure to the finger to hold 
the skin taut Hold the finger in one hand 
and the lancet in the other. The puncture Js 
made perpendicular to the lines of the 
fingerprints^ which results in a more free- 
flowing wound (see figure 8-4b). 

(5) The first drop of blood that ap- 
pears is wiped away before specimens are 
taken (see figurfe 3-4c) . 

(6) The blood must not be Squeezed out 
since this dilutes it with fluid from the tis= 
sues, thus altering the ratio of cellular ele^ 
ments to fluid, as well as the ratio of 
cellular elements to each other. 

(7) After the desired specimens have 
been collected, have the patient hold a 
sterile dry gauze pad over the wound until 
bleeding stops (see figure 3-4d). ■ 

d> Discussion : 

(1) A disposable lancet is a very satis- 
factory instrument for puncture of the skin. 
However, if this is not available a sharp 
pointed surgical blade is quite suitable. 

(2) Do not use the finger on a hand 
which has been hanging over the side of the 
bed as it is likplyto be congested. Edisma- 
tous or cyanotic areas should not be used, 

(3) The finger should be thoroughly 
dry prior to puncture; blood will not well 
up on a finger that is moist. Furthermore, 
the alcohol or other antiseptic used can coag- 
ulate the blood proteins causing cell clump- 
ing and erroneous values as well as dilute 
cell volumes, This will result in incorrect 
counts and differentials. 

(4) Finger punctures should be made 
along the lateral aspect of the fingertip.. 
More nerve 'endings are located on the 
fingerprint area of thf fingers, therefore, 
niore pain results from punctures in this 
area. Sfiars can also form in these sensitive 
areas, and difficulty may be encountered in 
puncturing a callous. All of these djfflculties 
are eliminated by drawing the blood from 



the lateral rather than the ventral aspert of 
the finger, = > . ■ 

3-4* Anticoagulants" 

a. Anticoagulants are used to prevent the 
coagulation of the blood specimens and the 
reagent employed should not bring about 
alteration of blood components. Unfortu- 
nately, many anticoagulants can alter cell- 
structures as well as coagulation. The anti- 
coagulants most often used are ethylene- 
diamine-tetra-acetate (EDTA) , ammonium- 
potassium oxalate (Heller and Paul double 
.oxalate)^ and heparin. 

b. The / choice of anticoagulant will de- 
pend on the analysis to be made. Ethylene- 
diam.ine-tetra-acetate (EDTA) is the anti^ 
coagulant of choice for. most hematological 
analyses. This anticoagulant causes a 
minimum of distortion to the cells and 
platelets. It does not dissolve quickly in 
blood, ho waver, so the tube must be inverted 
four or five times when blood is. added. The 
dipotassium salt is prepared as a 1 percent 
solution in distilled water, and a final con- 
centration of 0.5 ml of anticoagulant for 
each 5 ml blood is used. Another fommon 
anticoagulant is ammonium-potassium oxa- 
late (Heller and Paul double oxalate). This 
combination of oxalates does not shrink or 
enlarge the red blood cells appreciably. It is 
essential, however, to add an optimal volume 
of blood to the oxalate, no less than 8.5 nor 
more than 6.0 ml. 

c. Heparin does not alter the size of cellu- 
lar components. It is, in fact, the standard for 
comparison of anticoagulant distortion. 
Heparin is more expensive and dissolves less 
readily than double oxalate salts. Approxi- 
mately 0.5 to 1.0 mg is required to anti- 
coagulate 5 ml of blood for 72 hours. The 
quantity of anticoagulant noted above in 
each case is sufficient to prevent clotting of 
the blood specimen. On the other hand, an 
excess of anticoagulant should be avoided 
because too much will result in distortion of 
cells and hemolysis. Ideally, differential 
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blood smears should not be prepared from 
blood that contains an anticoagulant. 

d. If oxalate is added to vials and dried 
jn an oven, take great care to a void tempera- 
tures above 80^ C, Oxalates are converted 
to carbonates by prolonged exposure to ele- 
vated temperatures. Under normal circum- 
stanceSi it should "not be necessary to 
prepare your own oxalate solutions since 
preparad anticoagulant vacuum tubes are 
available from Federal medical supply 
sources. 

e. A correctly ariti coagulated blood sain- 
pie' is essential to the proper perforniance of 
i blood cell count. The ceriular constituents 
must remain free in the plasma and should 
be as similar as la possible to those remain- 
ing in the patient*s circulation. 

SECTION B=PREPARATION AND 
STAINING OF BLOOD SMEARS 

3-5, Tntroductionr 

a. Invaluable information concerning a 
patient's condition can be gained from the 
examination of a blood smear. Slides and 
coverglasses must be perfectly clean and 
free of grefise, oil, lint, or dust to prepare 
good blood smears. It is best to use new 
slideSj biit sometfmes it is even necessary to 
clean new slides in 95 percent alcohol. There 
are two basic methods for the preparation 
of blood smears: the coverslip and slide 
methods. The coverslip method has certain 
advantages over the slide method; distribu- 
tion of cells is more like that of the in vivo 
circulation. The principal disadvantage of 
the latter method is that coverslips are very 
f. ^^ile and easily broken during proGessing. 

b. Many stains and techniques are used 
to stain blood films. Two types of stains are 
in general use— those which stain fixed 
cells, and those which will stain living cells 
(supra-vital stain). The panoptic (differen- 
tiating) .stains generally used in hematology 
are Giemsa and Wright's stains. When 
optimal staining conditions exist, Wright's 
stain is very satisfactory and easily differ* 



intiates cells; Wright's stain, powder is 
composed of eosin and methylene blue that 
stain selectively. The methylerii blue is com= ' 
posed of several staining, components. The 
eosin stains cell -cytoplasm, and the methyl- 
ene blue stains . nuclear material, granules, 
and inclusions. Both stains oxidize rapidly 
because , they are in alkaline solution* 
Giemsa, a purified polychrome stain, is 
added to compensate for this defect by 
maintaining the azurophilic staining prop- 
erty of the mixtui^e. 

3-6. Slide Method I 

a. Pririclple. A small drop of blood is 
placed near one end of a clean glass slide. 
Using a second slide as the spread&r, the 
blood is streaked into a thin film and allowed 
to dry. It is then fixed and stained with 
modified Wright's stain. 

b. Equipment! 

. (1) Venipuncture or finger puncture 
material, 

(2) Clean glass slides. 

c. Reagents; . ■ 

(1) Wright's; Stain Buffer; , 

(a) Solution A: Dissolve 9.47 grams 
disodium phosphate (Na^.HPO,) (dibasic), 
anhydrous, in a l^liter volumetric fiSsk con= 
taining about 750 ml of distilled water. Di- 
lute to the mark with distilled water. 

(b) Solution B: Dissolve 9.08 grams 
potassium acid phosphate (KH^P04) (mono- 
basic) ^ anhydrous, in a 1-liter volumetric 
flask containing about 750 ml of distilled 
water. Dilute to the mark with distilled 
water, 

. (c> :Mix 27 ml of the Na.HP^g^lu- 
tion (Solution A) with 78 ml of the 
sol ut i 0 n ( S 0 lu t i 0 n B ) ; . to 1 1 i tei- ' 
pH should be 6.4. l y 

^ (2)' Wright's'Stain Solution: 

(a) Add 9.0 grams of Wright's 
powder stain, 1*0 gram of Giemsa powder 
stain, and 90 ml of glycerin to a mortar of 
suitable size. Triturate this mixture thor- 
oughly for 15-80 minute^s. 
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(b) Transfer ' the mfxtiire to a large 
open-mouth jar (a kitchen spoon is Ideal for < 
" ihis purpose). Cover the jar and incubate 
the glyceri n /stain mixture s overnight at 

37^;a ■ ' ' ■ ^ v : ^ 

; (c)/^ Tranafer the %lyceriny^stain mix- 
' titr^0 to a large brown boffl 2*910 " 

ml of acetone-free methanol. ;' ^ 

/(d) Age the Wright's stain solution:.: 

approximately 8 weeks in the darK. Mix daily 

to assure that the Wi^|ght's stain jjowder. is 
: completely dfssQlyed.\v ' ' 

i j^A. Procedure: ^ W 

(1) Make a flnger puncture or' veni- 
puncture in the usual manner. 

K2) Touch a drop of blood to a clean 
glass, slide at a point midway betweeij the 
$jdes/of the slide and a short distance from 
one end. If a venipuncture is made, dispose 
the drop blood directly from the needle. 
If a finger puncture is made, dispense the 
drop of blood from the puncture site after 
^^discarding the first drop. 

NOTE: The drop of blood should be no 
larger than 1/8 to 8/16 inch in diameter (see 
fig4ire 8=5a)., 

t (3) Lay the specimen slide ^ on a flat 
surface and hold it securely. Place a smoptht 
clean edge of th$ spreader slide on the speci- 
men slide at an angle of about 80^ from the 
horizontal (see figure 8=-5a). 

(4) Pull the spreader slide toward the 
drop of blood until contact is made within 
the acute ang;le fornied by the two slides as 
shown in figure 8-5b, 

(5) Allow the blood to spread toward: 
the sides of the slide.^ 

' (6) Push the spreader slide smoothly 
and lightly toward the opposite end of the 
specimen slide, drawing the blood behind it 
into a thin film (see figure 3-5c)* 

' (7) Allow the blood film to air-dry 
completely. Do-not blow on the slide in an 
effort to enhance drying. 

(8) Using^'a lead pencil, write the name 
(or identification) of the patient/ In the 
thick area of the smear. Do not use a wax 



p^cil as it/'dissolves during the staining 
: prpciss, ■ , . 

(9) Cover 'the slide completely with 
Wright's stain and allow it to remain on the. 
/ smear for about 2 minutes to fix. the blood. 

cells, The stain should, cover the slide but 
. should -not b^ allowed to overflow the edges; 

/the Main must be replenished should it be- 
'V gin to-evaporati^, ' ^ 

(10) Add an equal volume of Winght's 
stain buffer directly to the stain and blow, 
the mixture genfl^ to asgtire rnaxiijium mix- 
ing. Allow it to remain for about 4 minutes. 

HNOTE: The times recommended for stain- 
ing And buffering are approximate and 
should be adjusted with each fresh hatch of 
stain to give the most satisfactory results. ^ 

(11) Using tap water, float off the ■'mix- 
ture of stain and diluent from the slide to 
-av^id the deposition of metallic scujn on the 
smear. The scum- appears after thfe addition 
of the'^^ljuffer to the-vstavn.. Wash the slide 
thoroughly under cold, .slowly-running 
water. ^ f 

(12) Air dry the smear and wipe the- 
excess stain from the under surface of the 
slide. 

e, Discussion: ^ ... 

(1) A properly prepared blood smear 
^,is margin-free; has no lines, ridges, or 

holes; is placed centrally on the slide; has 
an adequate thin area ; and has a uniform 
distribution of leukocytes. 

(2) It is preferable that blood smears,, 
not be made from blood containing anti- 
coagulants.since the leukocytes change their 
staining characteristics, develop vacuoles, 
engulf oxalate crystals, and show nuclear . 
deformities. Howeve^, * satisfactory slides 
are made with blood an ti coagulated with 
EDTA, 

(8)' Avoid tha following errors: 
- (a) Thick films made from an eKcess 
amount of blood placed on the slide. \ 

(b) Delay in transferring the blood 
to the slide, 
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a« Pldcm sprdader slidd at @n b* Contact the blood with thf 

angU of about 30^ from the spreader slide 



horiiontal 




c. push Spreader slide to the opposite end of the slide 
drawing the blood behind it Into a thin film 



Figure 3-5, Slide Method for Preparation of Blood Films, 
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(c) A sproader slide that has ci™- 
aged or unpolished ends. 

(d) The use of dirty, dusty, greasy, 
or scratched slides, 

(4) If .slides cannot be stained immedi- : 
ately, they should be dried and then fixed in 
methyl alcohol for 30 minutes, 

, ,(5) In cases of marked leukopenia* 
smears can be prepared from the white'^eell 
■ layer ('*bulfy coat'-) obtained by centrif vis- 
ing' the blood slowly in a Wintrobe-hemato-, 
crit tube at 500--800 rpm for 5 minutes. ^ 

(6) It is important that, the blood film 
be completely dried before staining; other- 
wise the wet areas will wash off the slide. 

(7) Protect blood slides from, insects 
such as flies* cockroaches, etc. They can 
'*elean" raw blood slides very rapidly. 

(8) Protect slides from areas of high 
humidity. Excessive moisture tends to hemo- 
ly^e red blood cells. 

(9) ^Slides should be stained as soon as 
^tssible after preparation. White cells tend 
to becOTne distorted and to disintegrate very 
rapidly, "thus causing considerable difficulty 
in identification. ■ 

flO) Very little actual staining takes 
place during the fixation stage. Most^ of the . 
sfainlng actually occurs during the buflfer- 
ing stage, , / 

(11) During the buffering stagey it is 
important that only amounts of buffer equal 
to the stain be added, otherwise there is a 
tendency to overdilute, causing the smear to 
stain weakly. ' ^ 

(12) After the staining is complete, do 
not blot the stnear but air-dry it. To Speed 
up the drying process, the. smear can, be . 
placed in the heat of the substage light. It 
is important 'that the slide not be heated too 
intensely or too long since overheating tends 
to darken' the staining reaction/ 



' ^ (l8), A good quality smear should mac- 
■ roscpipfGally be buff in hue. It should not be 
bluef grlen, or Nd* Microscopically, the red 
blood cells should be a light orange and the 
white blood cells bliiish if they .display their 
true staining color. 

(14] If the RBCs ai^e bluish or green, 
this indicates that the stain is too alkaline. 
With an alkaline Stairf, ^the WBCs stain' 
^ heavily andj genemlly ■display , fair distin-» 
guishing characteristics. However, any ah- 
normalities of the RBC^ are masked by the 
heavy staih: Heavy staining can be caused 

by: ■, \ ; ; ■ /, - 

(a) 31ood smears which are too 
thick, . - : ^ 

(b) Overstalning (prolonged buffer 
action). ' • ■ ' . " 

t (c) Evaporation of the methanol in 
th&stain, ■ . 

(d) Stain or diluent which is alka- 
line^ 

(e) Alkaline fumes. 

(15) If the i^ed blood cells are bright red, 
the stain is too acid. In this condition they 
stain well but the white blood cells (except, 
eosinophilic granules) stain very poorly if 
at alL Thus^ the stain is of no value for dif- 
ferential studies. Tendency toward acid, 
staining is caused by : ' ■ 

4 (a) Incomplete drying before stain-^ 
Ing, ■, ^ ' ^ ; ^ ' 

(b) Insufflcifent staining (insuffi- 
cient buffer action). 

4c). O.verdilution of. the stain with, 
buffer. ' ' ^ ' r -., ^ ' ^ ^) 

(d) Prolonged washing of the slide 
after staining, 

(e) Stain W buffer which Is acid. 

(f ) Acid fumes. 

(16) ,The staining reactions of blood are 
as follows: ; ■ 



S-12 

Type of blood 

or iomponrnt 
Erythrocytes 
{All nuclei 

• Eosinophilic granules 
Neutrophilic granules 
Lyniphocyte cytoplasm 
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Good stain Add stain' 

Buff' pink Bright red 

Purple-blue Pale blue 

Granules red BrilUaht red, distinct 

Violet-pink " Pale 
Blue Pale blue 
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Alkaliyw stain 
Blue or green 
Dark blue 
Deep gray, of* bliii 
Dark, prominent 
Gray or lavender 



i 



(17) The technician should strive for a 
staining reaction which is neither tqo alka- 
line nor too acid. Such a ; stain gives good 

, distinguishing featiires for all the cells of 
the blood syitem, 

(18) If this staining reaction Is exces- 
sively alkaline^ this can be correctf d by de- 
creasing time of staining or neutraliilng the 

'stock stain solution with 1 percent acetic 
acid or 1 percent hydrochloric acid/ Add the 
acid a drop of a time. Check the results 

/after the addition of eacA drop of acid with 
trialslides; _ 

' (19) If the staining reaction la e3cces= 
sively acid, this may be corrected by in- 
creasing the time of staining or neutralizing 
the stock 'stain solution with 1 percirit po- 
tassium bicarbonate or a weaky splution of 
ammonia water. Add the ammonia wate^ or 
potassium bicarbonate one drop at a time, 
Check the results on trial slides after the 
addition of each drop of the neutrallzer. 

(20) Staining reactions can also be 
varied by adjusting the proportions of diso- 
dium phosphate and potassium acid phos- 
phate used . in preparing the buffer. For 
example, increasing the proportion Of diso- 
dium phosphate will make the buffer more 
alkaline; reducing it will make the buffer 
more acid. , 

(.21) A ptforly stained ^ear can some- 
times be saved by washing rapidly wl^h 
95 percent alcphQl, washing quickly in water, 
then restaining. 

I (22) Automatic staining devices (see 
chapter 2) are curreritly being used in many 
USAF hospitals, v^ 

3-7. Coverglass Method: 

a. Principle. A blood' specimen is spread 
, in a uniform even layer between two covsr^, 



slips by placing a drop * of blood on one; 
coverglass, placing a second cover glass upon 
it, and deftly pdlling the coverglasses apart, 

b. Equipment: ' 

(1) Capillary or venipuncture materiaL 
* (2) Coverglasses, No/ 2, 22 k 22 mm. 

G. Reagents: , - 

(1) Wright- s Stain Buffer. See para- 
graph 8-6,c. . ^ " 

(2) Wright's Stain Solution. See para- ^ 
graph 8=-6c./ 

d. Procedure* 

(1) , Prepare patient for^^aBillary punc- 
ture or venipuncture, and perfipjim the punc- 
tiJre. ^ 

(2) Without touching the skin, bring. a 
coverslip into contact with the blood speci- / 
men (figure 3-^6a), If the venipuncture tech- / 
nique is employed, dispense a drop of blood 
directly from the needle onto the coveralip, 

(3) Quickly place another coverslip 
over the drop of blood (see figure 3-6b). 
Let the blood spread until it /has almost 
stopped spreading. 

(4) Pull the two coverslips apart in 
sliding fashion. As the coverglasses are 
pulled apart they must be held in an abso- 
lutely horizontal axis (see flgure 8-6c)/Any 
tendency to a, vertical pull ruins the prep= 
araf Ion, since holes in the smear may re- 
sult. „ 

(6) Place the preparation (smear side 
up) on a clean paper and allow to dry in 
the air, ^ . f , 

(6) Stain and examine according to 
the method described for the slide method 
above. - 
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o. Bringra covar slrp into contact 
with the blaod s^elmen ^ 



b. Place another eover slip over 
the drop of blood 




€* Pull the two cover glasses 
opart in a s Md ing fash ion 



Figure 3-6* Cpverglass Method for Preparation of Blood Films, 
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,e. Discussion: ^ ^ 

(1) The cpverglass method gives a 
mtich better distribution of white cells and 
is the n^ethod- preferred by many in making 
differential white counts. 

(2) ^he slide method renders satisfac- 
tory differential counting difficult because 
the larger white ceirg are pushed to the edges 
and the lymphocytes remain scattered 
throvigh the spread. 

(3) When red cells are to be axamined 
for parasites, the slide method is superior, 
inasmuch as more fields are available for 
study and red cell distribution is as good 
as with the coverglass method. 

(4) Some, cJisadvahtages of the cover- 
glass method are that coverflasses, are awk- 
ward to handle, e'asily broken^ and must be 
mounted on a glass slide before they can be 
examined; 



SECTION C^BONE MARROW 
SPECtMENS 

3-8, Introduction, Examination of the bone 
marrow is an important diagnostic tool when 
a disease affecting .the hernatopoieti^ sys^ 
tern is pVesent or suspected. Bone marrow 
aspiration' or biopsy is; always perfolrmed by 
a physician. In most eases the laboratory 
technician will assist the physician by pre-^ 
paring the bone marrow material for ex- 
amination by^ a pathologist. 

3-9, Processing of Bone Marrow Specimens 
for Examination:. r 

' a. Principle. Several bone marrow samples 
are smeared on a seriefe of slidfS, stained, 
and examine^ microscopically for, cytolbii- 
cal detail The procedure outlined is to be 
modified as required. 

b. Reagents: 

(>) Wright's Stain Buffer, See para^ 

(2) Wright^s Stain Solution. See para^ 
graph 3=6c, 



.. (3) FormaHh Fixative^lQ%. Dilute 10 
ml of 40% formaldehyde (R.G/) to 100^ nil 
with distilled wate% 

c.^ Procedure: ' / . - \ ^ / 

(1) From the first aspirate of mam?^ 
(approximately OJ ml) pi^epare several films 
on coyerglasses or slides, 

■ (a) Quickly place a drop of marrow 
on the end of a slide or coverglriss. 

(b) Remove excess blood with a 
capiHary pipet or a syringe leaving the gray 
marrow^ particles and a small amount of 
blood behind, 

(c) Prepare thin films ;by the slide or 
coverglass method. 

- (d) Optional slides are made at this 
time for various staining procedures. 

■ (2) Imprint slides^, are prepared by 
placing a drop of aspirated marrow on a 
slide or coverglass. The particies are picked 
out and transferred to anpther slide or cover- 
glass. The particles are crushed p^y and 
smeared. , 

^ (3) the clot remaining in Ihe syringe 
.is placed in a wide mouth /jar^cdritaining 
the formalin flxative solution for histologi- 
cal examination. . ^ 

* (4) The physician obtain a second 
aspirate of marrow (approximately 1 ml). 
This is ^added to a small tube containing 
fiDT A and' cehtrif uged dn a^ Wintrob^; 'hema- 
tocrit tube at 2500 rpm for 8 minutes. As- 
pirate off the plasma. Remix the plasma and 
all of the buffy cellular layer and prepare 

; smears of the mixture. 

(5) Stain the required slides with 
Wright's stain. Slides should be fixed in 
methyl "alcohol if a delay is experienced be- 
fore staining.^; 

(6) Process other slides . for addittonal 
stains as required. . ^ 



(7) In certain cases the marrow as- 
piration is performed for bacteriologie diag- 
nosis;^ Express the aspirate . into a sterile 
tube^tcoritaining a nil of 1 j^ercent. spdium 
citrate. Bacterioldgic examination can be 
mWe as requiredv 
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. d. Discussion I 

(1) A properly prepared bone marrow 
smear should meet the following criteria: 

* ' ^ (a) Thin smear 3^ to 5 cm in length 
and 2 cm wide, _ ^ ^ 

(b) Nucleated celis almost touching. 

^ " * (c) Visible fatty areas and high 
concentration of marrow foGi. '. 

(2) The procedure described above is 
^n outline,: and deviations from it should^, 
be in accordance with instructions from the 
pathologist 



(3) . All slides mustv.be accurately 
labeled. 

(4) They should be^ air-dried immedi- 
itely. 

(5) As soph as they, are thoroughly,- 
dry, bone marrow^ slides shofeld be fixed in 
methanol to prevent disintegration of the 
more fragile cells* 

(6) Since interpretation of flndings In 
bone marrow examinations is very difficult, 
even when performed by trained persons, it 
is of utmost importance that the amears and 
stains be carefully prepared using scrupu- 
lously clean equipnierit. 
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■> Chapter 4 

MORPHOLOGY OF BLOOD CEIiES 



SECTION A— GEPfERAL INpOBMATION 

4-1. Basic Concepts of Call Morphology* 

^ a. In this chapter all normal and moit 
commonly seen abnormal blood Vqells are 
i^ttiorphologically described^ AltKpugh general 
' . xujes for^dentiflGatlon arfe given along with 
representative photographs and drawings^ it ^ 
is important to realize that no yjrfoglcal 

,^ entity fits the guidelines precisely, 

-. . j • J ■ ^ ^ 

■ ' b. The present classlflcation of blood; cells 
is man; s attempt at identifying stages of 
imaturatron by assigriihg artiflcial steps to a 
Continuing process.: The process is a smooth, 
: continuing one, and therefore no one cell 
^ ever precisely fits the criteria for a specific 
; stage. These stages are artificial classiflca- 
} tions which, exist to simplify identiflcatipii.:: 

^ 4-2* General Rules of Cell Identifiqation, 

Certain general rules are, applied to £ilr cell 
maturation ( hemopoiesis), either in thi 
erythrocyte, leukocyte^, thrombocyte, or 
plasmocyte series,; Although these rules are 
broken by individual cells, they are , an aid= 
to classifying cells, 

a. Immature cells are larger than mature 
cells and become smaller as they mature. 

K bj The relative and absolute size of the 
nucleus decreases as the cell matures. In some 
' cell series the nucleus disappears. = 

c. The cytdplasm in ati immature cell is 
q^iiite blue m.. color , and Jightens as the cell , 
. " matures, ' 

,;d. The young nucleus is reddish and be- 
comes bluer as the cell ages. 

e. Nuclear chromatid is fine and lacy in 
the immatWe cell. It becomes coarse and 
clumped in the more mature cellg. 



\ f. If there is doubt in the identity of a 
cell, classify to the more mature form. ' = 

SECTION B— ERYTHROCYTES ^ f 



4-3. Intrbductidii; ; ' 

a. In the normal development and matura= 
tipn. (erythropoiesis) of the. erythrpeytic 
series, the red blood cell undergoes a^^adua^ 
tion of morphological changes. Tips cell de- 
veiopment is a gradual, transitit^n and six 
different stages can be identified. The 
nomenclature used to deseribe red blood 
cells is recomnlended by the American Society 
of Clinical Patbologlsts and the American 
Medical Association. The terms with some of 
their synonyms are as;follows r r : V : v 



ASCP Tervmwlogy 

Rubriblast 

Prorubricyte. 

Rubricyte 

Metarubricyte 

Diffusely basophilic 

erythrocyte 
Erythrocy^ 



, Synonymd 

Pronormoblait 
Basophilic nbrmoblast 
Polychromatophilic 
; normoblast 
Orthochroniatic 

normoblait 
Polychrsniatie 

erythrocyte 
Normocyte 



b. Erythropoiesis is regulated by the in- 
take, of substances to build the cells, the 
storage ^of these substances, and their 
proper;-utilization. Whifen' normal erythro- 
ppiesis occurs, both the cytoplasm and the 
nuclei of the cells gro%v at a synchronized 
rate. Individual differences in^ physiology 
and physical' structure of the erythrocyte 
^ account for minor morphological changes 
so often encountered. In certain diseases^ • 
these morphological changes may vary to .a 
greater extent. These v^iriatlons occur iii, 
size, shape, staining, and inclusions in the 
erythrocyte. ; ' . _ 
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4-4, Erythrocytic Series* The erythrocytic 
series is illustrated in figure 4-1. 

J' a. vR«bribkst; 

) (1) Size: 14 to 19 microns in diam- 
eter, = ■/ ■ ^' "' / r: 

(2) Nucleus: This cell : has large 
round to oval, purple nuclews which occupies 
most of the celL The nuclear chromatin is 
arranged in a qlose mesh network forming 
a rtJiQular appearance.. The^^ 0-2 light 
blud mlcIeidTi'^ pr^ within the nucleus. 

(8) Cytoplasm: The cytoplasm is dark 
blue^ granule-free, and limited to^^thin.TiTrt;! 
around tTle'%ucleUs. There is no evidence 6¥ 
^hemoglobin formation, . . . 

V Prorubricyte: ^ " 

f(l) ;^izph 10 to .15 microns^an diam- 
'dter. ■ -. ^ --'v 

. (2) Nucleus: The nucleus is generally 
round, dark purple, and smaller than the 
nucJeus of the rubriblast The chromatin is 
coarse and clumped giving the nucleus a 
darker stain. Nucleoli are usually not pres- 
ent^:: but ;when they are, they appear rnor^ 
prominent than in the rubriblast ' v ; , 

(S) feytopiasm:^The; c^itoi^ is'^qyal 
blue and more abundant than in the rubri- 
blast. Cytoplasmic granules are not present. 

c. Rubricyte: 

(1) Size: 8 to 10 «microns in diameter. 

. (2) Nucleus: The jftucleus is dark, 
round or oval^ and" smaller than the pro- 
rubricyte nucleus. The^ chromatin material 
is found, in dense, irregular clumps, 'Nucleoli 
are not present* 

(3) Cytoplasm: The cytppiasm is more'' 
abundant than in the precursor cells. It is 
blue-pink (polychromatic) , the pink result- 
ing fram the flrst visible appearance of 
hemoglobin, Cytoplgpmi€--^granules are ab- 
sent. ' % . 

d, Metarubricyte:" - " 

(1) Size: 7 to 10 niicrons in diameter. 

(2) Nucleus: This cell has a small^ 
round, and blue-black degenerrfted nucleus. 
The nuclear chroniatin is clumped and uni- 
formly de^s& ' ' " ■ \ 



' ($y Cy^opUtsmfThe cytoplasm . appears 
as a wide band around the nucleus. It is 
? ^^orange-red due to the hemoglobin content.. 
Cytoplasmic granules are absent. ■ " . ' 

e. Diffusely Basophilic Erythrocyte! : 

(1) Size: 7 to '9 microns in diameter. 

(2,). \ Nucleus I the nucleus Is absent. 

(3) Cytoplasm: The cytoplasm stains^ 
' a bluish buff with Wright's stain and there 
iSjIn^ centralMight pallor as' in^the erythro- 
cyte/ With supravital staining this celr will 
show light blue reticulum strands in the 
cytoplasm and is called 

f. Erythrocyte:v:'^ ^ / ^ , ; 
(1) Size: 6 to 8 microns ill diameter. 

' (2) Nucleus: The nucleus is absent. 
(8) Cytoplasm: ^ The cytoplasm of the 
^ pWphery is light orange with a central zone 
of pallor. The appearahceiof the central z6ne 
of dIU-O r is due to the biconcave morphol- 
ogy ' of the cell, which allows more- ligh^ 
through the center than through the mar^ 
areas. ^ . ; 

Variations . in ! Erythrocytes. These var- 
iations are illustrated in figure 4-2. 

a. Si^e: ^ 

(1) Anisocytosls. Anisocytosis is a 
variation in the size of erythrocytes beyond*^ 
' the normal limits. Cells of varying size are 
seen in the game fields. It is a frequent 
finding in leukemia, pernicious ariemia; and 
other anemias. ^ rf/^ ^^,,, ' - ' 
. (2)' Macrocytes. Macrocyteg are eryth- 
rocyte^ larger thAii^ 9 inicrons ih; diameter. 
These cells can be found in healthy newborn 
' infents, pernicious anemia, and other 
ane^as. 

^8) Microcytes, Microcytes are erthro 
cytes smaller than 6 microns In diameter. 
These cells are frequently seen in iron de- 
ficiency,, spherocytic, and Mediterranean 
heniolytic animia. \ 

/ b. Shape: : . . 

(1) Poikilocytosis. This term describes 
a marked variation in the shape of ^erythro- 
cytes: Boikilocytes c^h^^Jbe pear-shaped, 
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comma'Shaped; / ovaUshaped, |r various , 
othep bizarre forms. 'These cells are en- 
cpuntered in pernicious anemia and inany 
/other types of anemia/ . . 

(2) Sickle Cell (tt'epanocytes). Sickle^ 
cells are abnormal erythrocytes which as* 
sume t\ crescent or sickle-shaped iippearance 

t^'undlr^nditioiS^jd^^ ofiy^a ,tei^SionH,. 
The presence of. sickle cell^fJs an inherifed 
abnormality due to the pr^ence of hemo- 
globin S. Sickle cell anemia is encountered 
primarily 4n Negroes. 

(3) Spherocytes. These are abnormal . 
erythrocytes which are 'spheHcal in shape, 
hai'ing a diameter smaller than normali^and 
a-darker stain (without central pallor) than 
normal erythrocytes. These cells are^ found 

vih the^hembly tic diseases and are particularly 
characteristic of congenital hemolytic jaun- 
dice, a hereditary disorder, ' ' - 

(4) Ovalocytes (Elliptocytes)'. ^hes^ ' 
rcells are abnormal erythrocytes which have 

an ovaMdr **sausafe*' shape/Ovalocytosrs is 
inherited and can be seen in thalassemia and 
. 'sickle cell anemia. ' 

(5) farget^Cells^* (t^eptoe^^ 
^ells-are erythrocytes .which have deeply 
stained (pink) centers and borders, sepa- 
rated by a pale ring, giving them a target- 

.ilike appearance. These cells have a greater 
than normal diameter, Th6,:cells can be seen 
in various ^types of hemolytic anemias, in 
liver disease, and after a splenectomy. 

(6) Burr Cells. Bunr cells are trianaulai: ^ 
or cresceht-shaped erythrocytes 'with one or 
more spiny projections on the periphery. 

. The'se are 'seen in small numbers in uremia, 
carcinoma of the stomach, and peptic ulcer. 

' (7) lAcanthrocytes. Acanthrocytes are 
irregularly-shaped erythrocytes with long 
spiny projections. This ii a congenital ab^ 
normality associated with low serum concen- 
tration of low density (beta) lipoproteins. 
. (8) Creriated. Erythrocytes. These cells 
have serrated or 'prickly outlines resulting , 
from shrinkage of the cells. This condition 
occurs when^ blood films dry too slowly and 

I t'he^ surrounding plasma becomes hypejtonic. 
This deformity Is artificial and has no 



pathological significance except when. cre= 

nated cells are found in spinal fluid as dis- " 

cuss^ iji the ehapter concerned with 'per- • 

forming cell counts on cerebrospinal fluid, \ 

(9) Schistocytes^ These cells, are frag- ; 
merits of erythrocytes. Frequentr^ these cells ; 
have a hemispherical shape (helmet cells). 
Schistocyt^s^'cah-lBe;found in severely burnM^ ^ 
patients and many anemias;^: * 

■ (10) RouleauK FormationJ^his phenom- 
enon is adherence of eiytlvrOcytes to one 
another presentirig a stack-of-coins app^l^ 
aiice. It occurs in conditions characterized 
'by increased amounts of flbrinogen and ' 
'globulin. . 

c. Staining: ' ^ ^ * ...,4. 

(1) Hypochromia. Hypochrom^ia is a 
condition in which the normal central ^alloij 
li .ihcreased .due to 'decreased,, hemoglobin 
"content This condition is chariicteristic of 

many anemias; - 

(2) Polychromatophilia. This teiTO de- 
scribes nonnucieated . erythrocytes which 
show bluish coloration instead' of light ^ 
oo^nge^ ;r Fplyoh^pmatophilia^ ^ the ^ 
fact that, the cytoplasm of these cells does 
not mature, resulting in the abnormal per- 
sistence of the basophiiic cytoplasm of the 
earlier nucleated stages, 

d. Inclusions^ ' 

(1) .HqwelWolly Bodiesu These^Yf riu-^. ' = 
cleaV remnants .found in the erythrocytes of 
the blood in various anemias, They are round, 
dark violet granule,s about 1 micron in diam- 
eter. Generally/ only one. HowelUJolly body . 
will be found in any ohe red cell. However, 
two or 'more may sometimes be present. 
Howell-Jolly bodies generariy indicate ab- 
sent or nonfunctioning spleen. - 

(2) Cabot's Rings (Ring Bodies). * 
These are bluish threadlike rings found In 
the red cells in the blood of patients with 
severe anemias. They are interpreted as renn- 
nants of the nuclear membrahe and Jvppear: 
as ring or *'figure-eight" structures. Usually 
onJ^ one such structure will be found in 
any one red cell. 



EKLC 



AFM i60-5i/TM 3 Decembfer 1 973 



4^5 



' - ' ' (S) Basophilic stippling/ Rbu snmll,: 
blue-purpIe granules of varying size in the' 
cytoplasm of the red cell represent a cori- 
densation. of the immature basophiHc sub-. 
. . stance (see:^pQ|^chromatophilia^ )vhieh nbr- 
A mally , diMppeaV^^^ith > maturijj^.';^ This is 
.1 known ■ fts basophilic stippli^^ be 
demonstrated by standard staining tech- 
niques in contrast to. reticulocyte filaments 
^^NV^W^h^ require a speciar\stain. Stippling^ oc= 
curs m anemias and heavy metal poison-^ 
ing (lead; zinc,; silverrArtercury, bismuth) ^ 
and^denotes immaturity/of the cell. 

(4) HeiHz-Ehrlic^ Bodies, These, are 
, small inclusions foimd 'pH those 
hemolytic anemias^tnduced by toxins. They 
are round, refr|iqtile%bdies, Inside the eryth^ 
rOQyte^anci are' visible only in uhflxed 
. • smears. It is thought that they are proteins 
-whicfe have be^n : tienatiiVed and ^that they " 
^are an indication of. erythrocyte injiity. 

^ (5) Siderocytes. JITiese are erythrocytes 

containing i von deposits. These; deposits 
^ indicate arf ihcomplete reduction of the iron 
- from ferric to the ferrous state which is 
normally found in hemoglobin. Prussian blue 
stain must be used ■ to readily demonstrate 
these cells- . 

e, Me^alohlastjc Erythrocytes. The, de- 
velopment of/megaloblnstic cells is caused by 
a deficiency of vitamin Bj. or folic acid, 
Pernicious anemia is a disease considered to 
be due to a deficiency in vitamin ^Bp. and/or 
certain related growth factors/' With this 
deficiency the evythrjocytes do not mature 
normally and are genemlly larger than nor- 
mah The most notable characteristic of this 
abnormal maturation is a; difference in the 
• rates of maturation of the cytoplasm and 
the nucleus. The development of the nucleus 
is slower than that of the cytoplasm, so that 
in the more Tnature of the nucleated forms 
a spongy nucleus as well as an exceptionally 
large |ize may be observed. Nuclear chroma- ' 
r^tin in.Ihe .megateblast is much finer and is 
^without the clumps observed in the rubri- 
. blas^t. Such development Is termed asynchro- 
nisnri. The , mature cell is large (about 10 
r .. microns) and is termed a megalocyte,' The 



ydungpiv cells 'of this^series are ifaftied^by ,.,y 
aiding tha suflak ''^pernicious anemia ly^^ 
that is, i^bricyte, perniWous':aneniia\type, = 



SECTION C-^LEUkOCYTES 

4*^6, Granulocytic Series. The stages in the 
n^mal maturation of the granulocytes, ai'e: 

. , piJe]QB]asfr,^^ promyelocyte, . myelocyte (neu- ^ 
trophllic,^€0sinop|iiilc, and basophilic), met- 
amyelocyte (neuti^phlliCp eosinophilic, and-^ 
basophillc)V band cell (neutrophilic, eosino-^^ 
philic, and basophiiic), and segmented/ cell . 
(neutrophilic^ eosinophilic; :and basophilic), 
As*" the granujocytes mature, the granules 
increase in nurriber. These granules later be- 
come specific and differ in the afl^nity.-for J;' 
.Vu rXou s. - d yes * Ne ii t r oph i 1 i c gr a n u 1 e^ do fiot 
-Stain intensely, with either ^dye, Biisophilic 
granule^ have an affinity for the basic or 
blue dyie. Eosinophilic stain red with an 
affinity for , the acid dye/ The- criteria for . 
identlflcation of the various stages of the 
granuio^tic series are: siz^ of cell, nuqleifs-:^ 
c^oplasm ratio, nuclear shape, number of = 
nucleoli, and the type^ ^nd size of c^vto- 

^ plasmie granulation. ^^he granulocytic series i-: 
.is illustrated in figure 4-3, \^ 

a. Myeloblast: : 

(1) Size; 12 to 18 microns in diameter. 

(2) ' Nucleus: The nucleus ,1s round or 
ovoid and stains predjiminantly reddish-' 
purple. The interlaced chromatin strands, 
are delicate, well-defined, and evenly stained. 
^^yo/pr more pale blue nucleoli are demon- 
strable. The nucleus occupies most of the 
cell with a nucleus-cytoplasm ratio of 6:1. 
It is separated from the cytoplasm by a defi- 
nite nuclear membrane. 

(3) Cytoplasm.' The" cytoplasm fe 
narrow, deiep blue, nongranular rim arflm'd 
the nucleus. ^ * % ' ^ 

. b. Pi*omyelocytei ^ \ 

(U Size: 12 to 20 microns in diameter. 

(2) Nucleus: The nucleus is round or 
ovoid with coat^se-clumping, purple chroma- 
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Hy^ochromie Macrocytic Erythroeytfi 




a/ Metorubricyte • 
b. Haw#ll-J©lly ledies 

Figure 4-2- Variations in Erythrocytes, 



Marked pQiki^Bcytosis 
Aniiocytesis and Target Cells. 




a. Metarubricyta 



b. .Target Cell 
/ c. vCrenoted RBC 




Crtnatad RBC Burr Cells a. Basophilic Stippled irythrocyte 



Acafithocytts 2 Ltukocytes 




a. Gabat Ring Elliptoeytas (Oval Erythrocytes) 




y""- tin materiaK One tO ^ree oval} liiht-blue 
nudebll are -usually *J)rsient,, The. nuqieoli 

^ 'ai^ M^ss ?d}itinct than ^Inv tha^ myeloblast. 
Thjs cell ^ his -^m . riiielS .Atio of 

;V (SX: Cytoplasm: The cytoplasm is llglft 
purple an4 eontalns varying numbers arid 
^- sizes^ of : dark rionspaciflc' granules which 
stain red to purplish-blue. The franules us- 
uafly overlie the nucleus. 

e/ Myelocyte. In the myeloc^ic stage the 
granules, are definite and so numerous that 
they; obsrare nuclear detail. 
rWh itev pr omy a a re somrt imes = dist in- 

guished as .neutrophilic^ eosinophilic, or 
basophilic, the differentiation fs \gerierally 
, considered a^ fii^st occurring In the myelocytic 
^ . stagie, ; 

dy^iJeutrophilic Myelocs^e: 

{!) Size: 12 to 18 microns in diameter.^ 

" (2) Nucleus: The nuqleus is roundi 
ovalj -or flattened on one Bldei- The chromatin 
Bii'ands are: light purple, uneverily-stained, 
^and thickenfdr/Nucleoii are usually, absent- 
M;^He jiucleus is smaller; than ^e- #arlI4r cells 
"^bf this series with a nucleus-cytoplasin ratlp 
^^-'pf Sri. ■ \ . -K-^/ .- ; ' : 

fS) Cytoplasm The cytoplasm is 
bluish-pink and contains a small relatively 
light area of ill-defined, pink granules which 
develop among the dark, nonspecific, azuro- 
■ philic granures of the promyelocyte. As the 
myelocyte ages, the dark granules become 
less prominent>.and the light-pink-colored 
neutrophilic- granules predomi \ 

' Neutrophilic Metamyelbcyte: 

(1) Size: 10 to 18 microns in diameter. 

(2) 'Nucleusr^The nucleus is indented 
■' or kidhey shaped. The nuclear chromatin 

stains dark purple and is condensed into 
irregular strands. Nucleoli are absent. The 
^.nucleus^cytoplasm ratio ^ is approximately 

. (3) Cytoplasm: The cytoplasm Is 
pirikish-blue arid covered with many small, 
light pink granules. 
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f/, J^utrbpW^ ' ; ;^ ' / ' 

(1) Sizei rlO to 16 mjcrons in diameter. / 

(2) . Nucleus: .The riucjeus is shaped 
like a horseshoe with^a dairk pyknotlc mass 
at each pole df the. nucleus whe,ri the lobes- 
develop, The nucleus-cytoplasjm ratio is ap- 
proximately 1:2* . 

(8) Cytoplasms The cytoplasm conta,ins 
many small, evenly distributed^ light pink 
granules. ^ ' ^ 

g. Neutrophilic Segifiented Cell r 
(1) Size: 10 to 15 mfcrpnf in diameter. 

; :(2) NUcIeusrTh¥^^'B^ 
lobes separated by a very narrpw fllament 
or strand. The nucleus-cytoplasm ratio is 
approximately 1:8. , 
^ (3) Cytoplasm: The cytoplasm Is light . 
pink and the smallj numerous, and evenly 
distributed neutrophilic granules have a light 
pink color. ^ 

h. Developrnent of the Eosinophilic Group. 
Cells of the eosinophil groupi are character- 
ized by relatively large, spherical, cytoplas- 
mic ; granules which have a particular 
afflriity for the eosin stain. The earliest eosin- ' 
ophil (myelocyte) has a few dark spheiical . 
granules with reddish tints which develop 
among the dark, nonspecific granules. As the 
eosinophilic cells pass through their various 
developmental stages, these granules become 
less purplish- red and more *reddish-orange, 
The dark blue, nonspeciflc granules, charac- 
teristic of the promyelocyte and th^ e^rly 
myelocyte stages, disappear. Because the per- 
centage of eosinophils Is usually low in bone 
marrow or peripheral blood smears, no use- 
ful clinical purpose is served by routinely 
separating the eosinophils into their various 
myelocyte, metamyelocyte, band, and seg- 
mented categories. On the other hand, in situ- 
ations such as eosinophilic leukemia in which 
the eosinophils are greatly increased, an 
analysis of the incidence of the various stages 
would be useful in diagnosis, 

1. Mature Eoslnophih / 

(1) Size: 10 to 15 micronsjn diametir. 
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a. , Promyelocyte a. Basophil 

b. Pramyelocyte with Auer Body h- Neutrophil * Segmented 




Myelocytf , Eosinophil 

rigure 4-3, Granulocytic Series. 



" " :" ■ "' -j" \ ■' ■ ■ .. ... V 

t (2) NUicliUSi The nuclids has deflnlte^ 
^ibbes Separated \ by .a ye^ narrow fllamint 
or ^strand* Seldom- does an eosinophil have 
more than two IbbeSv * • / 

( 8 ) Cytoplasm : The cytoplaim con- 
tains, bright ■-. r^ddish-ora^igs, . diitinct gran- 
iiles, the grantjlei are spherleal, unif ofrTn'. 
in sizev and evenly distributed throughout the 
cytoplasm, but rarely overlie the nucleus, 

j. Development of the Baiophilic Group. 
These cells have, round* indented, band, or 
lobulated nuclei and are olassifled according 
to the shape of the nueleip as basophilic raye- 
^locytes^ r metamyelocytesv - bandiy v and seg- - 
mented forms. These cells are so few in 
peripheral blobd and bone marrow that there 
is little clinical value in differentiation of 
the various maturation stages. 

k. Mature Basophils: 

(1) Size: 10 to 15 microns in diameter. 

(2) Nucleus: The nucleus has deflnite 
lobes separated by a very narrow filament . 
or strand. The nuclear details are obscured 
by the cytoplasmic granulation. 

(3) Cytoplasm: The cytoplasm is cov- 
ered by many blue to black granules. These, 
granules are unevenly distributed and vary 
in number, size, shape, and color. 

Agranulocytes. Agranulocytes are leu- 
kocytes devoid of specific granulation. These 
cells generally originate in the lymphatic sys- 
tem, but can be found in normal bone mar- 
row, Agranulocytes include the lymphocytic 
series, monocytic series, and plasmocytic se- 
ries. ; = r 

4-^8. Lymphocytic Serjesl The stages in the 
development of the lymphocytic serres are: 
lymphoblast, prolymphocyte, and lympho- 
cyte. These cells ari fragile and can* show 
shape variants. Lymphocytes usually have 
round contours, blue cytoplasm^ and eccen- 
trically located round nuclei. Cells of this se- 
ries ai*e differentiated on the basis of the nu- . 
clear chromatin. " The. lymphocytic series is 
illustrated In figure 4-4. . . ^ . 
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. a, Lymphoblastr ^ . - ^ 

(1) Size: 10 to 18 miferqns in dia^ster. 

, ; (2) Nucleusr the nijcleus has an oval 
or roun8( shape and stains. Yiddish-purple. 
' :The nuclear dhrpmatin. ia fl^^ well distrib- 
uted, and coarser tha^i in the. myeloblast. 
Qhromatln is condinsed atf the edgips of the 
nucleiis to^orm a deflnite hublear membrane. 
One or mofe nucleoli are present. The 
mucleus is prdminent with a nucleus-cyto« 
plasm ratio of vBil. / ' . ; 

(8) 05rtoplasmi The cytoplasm is deep 
blue with a frequent perinuclear clear ?one. 

b: Prolymphocyte: . . 

(1) Size: 10 to 18 microra in diameter. 

(2) Nucleus: The nucleus is oval and 
slightly Indehted. The nuclear chromatin is 
coarse, si ightiy clumped, and dark^ purple. 
One light blue nucleolus is ysuall}^ present. 
The hucleus-cytoplasm ratio is 5:1* 

(8) Cytoplasm: The cytoplasm varies 
from light blue to dark blue and it can show 
a few red-purple (azurophilic) granules. 

c/ Lymphocyte: v 

(1) Size: The mature cell of this series 
varies, greatly in size, Sftall lymphocytes are 
7 to 9 microns in diameter. The large - 
lymphocytes are 10 to 18 microns in diam- 
eter. 

(2) Nucleus: The nucleus is round or 
oval and can be slightly indented. The nu- 
clear ■ vnmatl is markedly condensed, dark 
purple4Mue, and clumped. Nucleoli are ab- 
sent and a deflnite nuclear membrane is pres- 
ent. The nucleus-cytoplasm ratio is approxi- 
matel^.5:l,0. ' 

' (8) Cytoplasm: The cytoplasm is light 
blue to blue with a perinuclear clear zone 
around the nucleus. A few azurophilic gran- 
ules can be seen in the cytoplasm of larger 
lymphocytes, 

4-9, Monocytic Series. The stages in the de- 
velopment of the monpcytic series are mono- < 
blast, , promonocyte, and monocyte. Cells of 
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.q, ; lymphoblest : ^ q. Monoblast ^ 



c* Smudge C^ll , ; 




Lymphocytei a,- Neutraphir (Latt Band) 

AiurQphilic Granulation ^ b. Monocytt 

Figurt 44, Lymphbcytic Seriii and Monjocytie Seriti. 
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tiie series art slight^ larger tHap,;grani^Q- 
Icyto! They Qrt rpund^^ith smootK margiris ^ 
^and seldor^show ihaprVariants. The. mature ^ 

motiocyte is dlffeipirtiajted froni the lympho-- 

cyte aAd metaiinyrfoei^te by ; th© flne^ 
light staining nyqleus. the monocytic leries 

is yiuitrated in flgure 4-4. ; » v 



av MonoBlastr . r 

(1) Siw 12 to 20 microns in diameter, 

\ P) Nucleus: The nucleus is round or 
oval aiid red-pwple in color. The nuclear 
chromatin, is fine .and well dlrtributgd. One 
.tQ.J3TOL .ntfc^|di^a^ 
cytoplasm ratio is 64* 

' (B) Cytoplaam: The Cytoplasm is a dear, ; 
deep blue and forms a thin rim around the 
nucleus, ; 

Promonocyte: ^ \. ' 

(1) Size: 12 to 20 microris in dlamete*.^ . 

I (2) Nucleus: The nucleus is irregularly- 
shaped and light purple. The nuclear, chroma= 
tin is flne and ipongy. A nucleolus can be 
present. The nucleus-cytoplasm ratio is 5:1. 

(8) Cytoplasm: The. cytoplasm is gray- 
blue with fine red-purple (azurophilic) 
=globules/ \ ^ ^ 

c , Monocyte: " 

(1) Size: 12 to 16 microns in diameter. 

(2) Nucleus: The nucleus Is round' or 
kidney-shaped^ but can be deeply indented , 
or have two or more lobes. One of the most 
distinctive features of the monocyte. Is the 
presehce of suparimposed lobes, giving the 

jnucleus the appearance of brainlike convolu- 
tions; Heavy lines marking the edges of the 
folds and grooves are features which are not 

,seen in other cells. Another feature of the 
nucleus, which is of value in diagnosis, is the 
tendency for the nuclear chromatin to be 
loose with light spaces in between , the 
chromatin strands, giving a coarse linear 
pattern in contrast to the lymphocyte which 
has clumped chromatin. Nucleoli are absent. 
The nucleus-dytoplasm ratio is approximately 

sa:- . ' . ■ ^ ^ - 

(3) Cytoplagm: The cytoplasm of the 



the monocyte is . dull gray-blue while the cyto- 
. plbsrn . pf ttie jieutrophlli in the, adjacgrit 
fftlds is deflnltely lighter and. is pink rather 
"thah gray-blue. Tl^ pbnspeciflc granulei-- of 
the monocyte are.usually flrie^tod evenl^^^)®^ 
tributed, giving io the ciell a dull, opaque or 
ground'glasi appearance. In addition to the 
background^^of evenly distributed nonspecific 
granules, there may be a few.uneveply dis- 
iribiited larger aEurophilic.granules. Vacu- 
oUb are .Qyten^v^emqnstrable in jthe cyto- 
plasm, ; ■ / 

4^10* Pl^inocytie^Saries* PlasmocyttE^ con- 
-stitute approximately 1=^ perc 

white cells In the normar bone marrow. 
^ These cells can be present in the peripheral 

blood in chronic, infections, ^granulomatous 

and allergic diseases, and multiple my elonifL. . 

The stages of develppment are: plasmo- 

blast, proplasmocyte, and plasmocjrte. These 

cells are illustrated in flgure 4^5, 

a. Plasmoblast: ; ' 

(1) Size: 14 to 24 microns m diame- 
\ ter. • • ^ ^ - "'■ . -. 

(2) Nucleus: The nucleus is large, oval 
or round,, and contains within the fine, pur- 
plish, reticulated chromatin one to three blue 
nucleoli. The nucleus-cytoplasm ratio varies 

, from 2:1 to 1:1.' - 

(8) Cytpplasm: the cytoplasm is rela- 
tively abundant and. stains dark blue. No 
granules or vacuoles are found in the cyto^ 
plasm. " ■'. . ^ 

b. Proplasmocyte: / , 

(1) Bize : 14 to 22 microns in; diameter. 

(2) Nucleus: The nucleus is ovoid and 
located eccentrically. The chromatin is 
purplie, coars|r, and more clumped. One to 
two nucleoli are present. The nucleus-cyto- 
plasm ratio is 2:1. 

(3) Cytoplasm: The cytoplasni is pale 
blue, with pale reddish-blue vacuolation. A 
pale perinuclear zone or "halo" is usually 
present. ^ - 

c. Plasmocyte: y 

(1) Size: 8 to 18 microns in diameter. 
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(2); NiltleusVThe nucleui is smll, ovoid; 
arid f cctntricalfy loqatid: ch 
^arsi, lumpy, arid ^Ui^ Ifualioli are riot 
Uiually present* The nueleus-cytoplasm ra- 
tioisl:2/ c . . ■ 



/ (S) Gj^oplaswlf fhl cytbpj^m 
to the nuelius is lightly steined in co^trist to 
the periphery of the cell which has a high 
saturation of red and blue dyes. In some cells 
the dark cytoplasm has a jrretniih or. 
larkspur-blue golor. Thg; cytoplasm contains 
muftlple small and ^^vely uhstained glob- 
Ulel embedded in : a yiuish-red^ fl|ainentoui 
matriic^ Jt^ls4h© preience ti^s 
lijes in the dark-^ur^ou^ 
whlth ^ves \th& ^asmoqyte Its charaeteris- 
tio mottled and foamy appiara^ce and .its . 




brilliant tr^ilucency; In oceasipnal^ella 
the globules ca^be q^^ promiiient aj^J^^Jfe' 
a j^4'or bluish-rfd stain^ Such globules U!^e 
call^ Russell , or fuchsln bodies, ; or eflsino- 
iphilte ; globule^ .^Vacuoles of :7virIoai Ssizes 
arrf requently Hemoiistrable, '^^ " ^ 

.4j-II; Variations o£ Leukocytei^ Variations 
of leukocytes occur as a result hi abnormal . 
vmaturatipri of the nucleia and/or cytoplasm, 

^ These variations are*- induced by leukemic 
states, ; infectious vdl^eases, and toxfcity.' 
Many yariitions in leukQC3rtpi have been ob- 
served} lidw^yerj tH^ maritial dw 

^ ^ the " * most - tf requently«occu 
A more complete study of liukoeyte varia- ; 
tions.Tcan.\tte.. p^)tain from the references 
listed ln^1fch| fiibliggrapliy of '^his manu§i. 




Pr^plaimocyfe 




Plaimocyte 



Figure 4-5. Plasiiiocytic Series. 
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Variations in jtukoeytes are illustr^tid in 
figure 4=»6;: - / =:.; ■ ' Z'^. 

Dohle;.Bodias. Dohlp bbaijis Mt; light 
• bhie or blue-gray,/ smallV round ; Jnclusions. : 
^ound ^ the cytoplasm of ntutrophilie leuf 
Tcocytts, This yamtion may occur In toxic 
conditions such ai stvere ilifectionsrburni, 
. and scarlit f Air,^: - . 

b. Auar. Rods. Auer rods art' rod oiy 
spInBle-shapid, cytoplawilc Inclusions. They 
'^tain red-purple and are 1 to 6 mldrpns iong 

and less than L5 microns thicfi^ They are 
rtq^tttly ipuytid^^ . : ^ 

c. Toxic Granulation* Toxic granulation 
occurs^' In the ntutrophilie metamyelocyte, 
band, and. stgmented cells. These granuler 
are distihguisheA from the normal 'gtanula- 

' tlon Because they are coarser and itain a 
dark pu^pte 'The variations occur in . toifc 
statfstodsfvtre infection.'^^^ ^ ^ ' ; ' 

d. £askit .Cell A basket cell is a ruptured 
leukocyte which has a nttwork appearance. 
These ceUs result from a partial breakdown 
of the inlmatuf e and fragile leukocytes. Bas-* 
ket ceils are fouiid predominantly i^. disr* 
eases with an acute shift toward imniature 
forms, for example, leukemias. : 

e* Vacuolated CfelL A vacuolated cell is 
a degenerated cell with holes or vacuoles in 
the cytoplasmrVacuolated! cells can ^e seen 
in severe infections, poisoning, and leuke' 
mias, and in cells that have been in Heller & 
Paul oxalate too long* 

f. Hypersegnientation, A normal neutro^ 
phiUc segmented ^ cell has a nucleus with an 
average of three lobes or segments. In a hy- 
persegmented cell the nucleus Is broken up 
into five to ten lobes or segments, This cell 
usually has a larger diameter than a normal 
neutrophlliq segmented cell. Hypersegmen- 
tation is often , seen in pernicious anemia. 

' Atypical Lymphocytis (Vlrocytes, Turk 
. Cells). Theie lymphocytes are characteristic 
of infectious mononucleosis but they may also 
be seen in apparently 'healthy Individuals and 
-thpse. with certain other diseases. Atypical 
lypiphocytes are larger than normal and vary 



, in appeaTande, vDowhi^ arid McKinley de- 
scribed threp types of atypical- lymphocytes, 
but this classiflcatfon has no real clinical 
purpdse* > , 

: (1) Si^ei L&rfte, up 'td;2^^ 
diameter. 

(2)> Nucleus; The nucleup is oval or 
kidney shaped ; with very coarse chromatin 
^strands^not as lumpy : is a^ormal lympho- v 

. cyte. ^ • • ' \ • " -. 

- (3) CytoplasmrThe cytoplasTm is bluato 
dark blue, Often it is vacuolated which giv^s 
' rise to a f bamy appMrance. . , 

; \;^J,.^L.E:^ells^.:^ " . ' V 

V (J^ Perrfons having lupus erythematp- 
;SHS, one of ,the **eollagen'" dlse^pes, have an ' 
abnormal plasma protiln which causes swell" 
ing^ and breakdown of certain blood cell nu- 
. clei in vitro. This degenerated nucjear i^ate- 
i rial attracts phagocytic celli, ; particulary^ 
Asegmented neutrophils, which engulf this nu^' 
clear mass, The resultirig jphagocyte and in- ' 
elusion material li termed an J*L.E," eelL 

(2) The nucleus of ah L.E. <3ell h ad-, 
.\;Jacent to the peripheral outline of the inclu- 
sion material The inclusion is smooth and 
smoky, or light purple and has no visible 
chromatin network/ \... ' . 

" Rosettes. Rosette formation is the in- 
termediate stage ■ in . the formation of an 
celL ,A rosette formation consist^ '^of ' 
neutrophilic leukpcytes surrounding free 
masses of lysed nuclear material. 

j.'^ Tart Cells. A tart cell contains lysed 
nuclear material within its cytoplasm* It 
differs from an L,E* cell because the Inclu- 
sion 'retains characteristic nuclear' structure, 
This inclusion is not smooth and has a darker 
Rtalning periphery, . 
RBCTION D-^THROMBOCYTES 



/ 



4-42. Introduction I 

a. The general pattern of thrombocyte 
maturation is slightly different from that 
of leukocyte maturation. The cells of the 
megakaryocytic serieg tend to grow laitger as 
they mature until there is cytpplasmlc frag- 



ERIC 



Neutrophil: ; Hyparsigmenftd 

Figure 4-6* Variations In Leukocytei, 

.... * 

mentation (or breaking off) to form the dy^ 
..toplasmic thrombocytes seen in the periph- 
eral blood. * " 

b. Aiurophill^^tanulation bep^ to ap- 
pear in the second stage of development and 
continues until it almost obscures/ the nu- 
clear lobes* The nucleus develops from a 
fine single lobe to multiple ilUdefined lobeSi 
The stages in the normal maturation of the 
megakaryocytic series are: megakaryoblastj 
promegakaryocyte, me ^akaryocyte, jnetameg- 
akaryocyte, and thrombocyte* These qells 
are»illiistrated in flf ure 4-?7. 



' Atypjcol LymphQcytesr 
viriitctious Mohonucleasit 

4-13, Megakaryocytic Series! / 
a. Megakaryoblast: 

(1) Sizei 15 to 80 microns in diameter; 

(2) Nucleus: One to two large oval or 
kidney-shaped nuclei are present. The red- 
dish nuclear chromatin has a granular ap- 
peararice. Several nucleoli are present 
within the nucleus but these are difficult to 
see. The nucleus-cytoplasm ratio Is approKi= . 
mately 10*1; 

(8) Cytdplasm'' The cytoplasm is blue. 



4-16 



^^APM l€0-51/ntf 8^227-4 5 Decttflber 1973 



nongranulap, and iflay show blunt : protru-^ 

b. Promegakaryoc3rter ' ' ' 

' (1) Si2e: 40 to 100 microns in ditoe- 
= ter.^ ^-^ ■ ^ \ ■ ^ . ..." \ ^ 

^ • (2) l^Ucleus: One t^^two indented round" 
or oval nuclei are present. The nuclear chro- 
inatin is puiple, coarse^ and granular. Nu- 
' cleoli are pre^nt but indistinct. - . 

/3) €ytoplasmr The cytoplasm is blue 
.and has , blunts bubbly extfe^iions. Azuro- 
philic granules are usually present. 



,c. M^akaryocyte: 
' (t) Sizer 40- to 100 micrdns; in diame- 



ter. 




(2) Nucleiis: ^^wo^ Jo sixteen nuclei 
ara. present and' these are superlmposid/ on 
and attached to each other by narrow flla- 
mente. Nucleoli are indistinct Ifuclear chro-. 
matin is lumpy and coarseFy linear. ^ ^ 

■ (8); Cytoplasm: The cytoplasm is cov- 
ered with numerous, small blue-purple gran- 
ules. No evidence of platelet fragmentatioji^ 
ispresent. ,^ v ^ , ^ « 0 / ; 

d. Metamegakaryoc3/;te: ^ 

(1) Size* 40 to 100 microns in diame- . 
ter, ^ J 

\v{2) Nucleus^ Same as megakaryocyte. 

v(3) Csrtoplasm: The cytoplasm is much 
like 'the megakaryocyte but shows evidence 



MegakaryoblQstr Eorte Mcfrrow 
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Thrombaeytes 
Figurf 4^7* Megakaryocytic Series. 
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:pf fraiimahtation or slDtighin^ of thrombo- 
^ytis f rdm thecytoplasm '\ 

\ (1) Size* l":tb 8 microns in^ diamafe^^* 
\ (2) Nucltiis* None* ^ ' . 
(Sy Cytppl^m: The cytoplftim appears 



light blui with cintra azurophiiid^ 
(red-purple) granules. NOTE :^ Normally, 
megalcirybcyt^ and W 

not appear in the ^peripheCTl^ bjQbdr hp * 
ay^r, thfy can be^SfeinfVIn sdri^i> leukemias. 
In bone smears, there should be 11 ttle dif-i;5 
flculty ln> recognizing ceUi^iCSMbeing af 'tfiii^'^^ 
serles.becauie of their eriorm^ 
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METHODS IN HEI^ATOLOiGY 
SECTIpN A^M^S^IJAL C 

5-^1, Introduetioiir ^^ ^^ . , - 



5-2. Rid blood Call Gount 
(Hfinacytpmeter) r ' 



a: Blood cells are subjAat to quantitative 
variations as well as the qualitative varia- 
tidna deipribed in chEpttr 4rSome diseaies 
stimulate the produd^ of blood cells while 
others preveht or diminiih the production 
of blood cells. For this reason a qeir count 
gives yaluable information tg the physician 
concerning his patient's condition; Further- 
more, in the case of -the le]ukoc3^e count, 
thii tortal count is nteessaiy tti calculate ab- 
solute cpiints .:fQr each type of laukocyte. 
This is done by muitlplyihg the total count 
by the percentage of the particular cajl type. 

b. Cell couiits can be performed by a va- 
riety of ' methoSs. Erjrthrocytes and leuko^ 
cytes are counted by manual methods or 
automated methods. Other cell counts are 
performed only by manual niethods. It is 
import^t when performing a cell count to 
.maintain good quality control. Great care 
should be taken when performing any cell 
count. 

■ c The following paragraphs outline pro- 
cedures for red blood cell (RBC) cpunfp 
white blood cell (WBO) count, total eoslno-^ 
phil count, absolute basophil count, reticu- 
locyte count, cerobrospinal fluid (CSF) cell 
count, and spir^n count. The RBC and WBC 
counts are routinely done; they are per- 
formed either by the hemacytometer meth- 
ods (manuany ) or by .automated methods. 
Total eosinophil and absolute baspphll counts 
are performed by a hemacytometer method 
using special diluting fluids tp accentuate 
these cells. Reticulocytes are demon^ated 
by using a supria vital stain. Semen ^^l^is 
and CSF counts are included in this section 
because a hemacytometer is used to perform 
the appropriate counts* 



, a. Prlnciple^ i A sa^jle of blood IS d 
with a apeclai isotonic solutipn Ih a micrd*^ 
' plpet. After adequate mixing, a /portipn of 
the^iample Is introduced into the counting 
^hffibir ; (hsmaey^^ 
cells (erythrpcytes) in a known volume are 
then counted/ ' V 

K Reagents. The most : common diluting 
fluids used for the RBC count are Gower's 
solution and. Hayem's. solution. Either solu- 
tipn can 'be used and the preparation of both 
is given below, Normalsaline may also be used. 

(IKGower's Diluting Fluid, Add. 12.5 
grams of . sodium sulfate / (Nay SOO, 
anhydroua^ and 83.3 ml glacial acetic acid 
tp a 200=ml volumetric flask. Dilute to the 
n^ric with distilled water. NOTE : Add the 
w^er slowly and mix thdrpughly. 

(2) Hayem-s Diluting Fluid. Add 0.5 
gram mercuric chloride (HgCls), 5.0 grams 
sodium sulfate (NaaSO*), and 1.0 gram sodi- 
um chloride (NaCl) to a 200-ml volumetric 
flask, Dissolye the contents with diitilled 
water and dilute to the mark with distilled 
water. Filter the solution several times 
through the same Alter, paper. NOTE: De- 
terioration of this solution can bccur after 
three wie^. This solution must be discarded 
if a prebipitate f orms. v 

c: Procedure: 

(1) Draw well-mixed capiriary or ve- 
nous blood to the 0,5 mark on the red blood 
cell diluting pipet. The blood column must 
be (ree of bubbles. (See figure 6-la.) 

(2) Wipe off the excess blood from the ' 
outside of the pipet to avoid transfer of cells 
to the diluting fluid. When wipingj take care 
not tp touch the end of the pipit with ganze. 
(See figure B^lb.) = ' ^ 



a. Draw blood to apprd^ ri^ta 
mof k on tht pip@t tupe^ ■ 



b. Wipe off sxcssi blood adhering 
to the tip of th© pip@t. 




c. ln$Brt pip at tip into opprapriate 
type' of diluting flu id and droW 
up^ fluid to propar ma rklng. on 

^ pipet Yube 

Figure 5-1, Processing Blood for Manual CeirCo|n^ 



Ro tate pipet in o 
**figure^eighf^' motion 
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' i$) Immediatily draw diluting, fluid to!; 
the 101 mark, at the same time rotating tha. 
pipit between the thumb and foreflnger to 
mix the specimen and diluent. Hold the 
pipet Hipright to. prevent air bubbles from 
flowing into the bulb (see figure 5=-lc) . 

(4) Place a finger ,^over the tip of the 
pipet and remove the rubber suction tubing. 

(5) Mix the contents of the pipet for 
about 10 seconds by holding the pipet on a 
horizontal plane between the thumb and 
forefinger of one hand and rotating in a. 

***flgure-eight" (See figure 5=^ld.) A me- 
chanical shaker is used to further mix the 
contents, 

(6) place a clean hemacytometer cov- - 
erglass on the counting chamber,^ Moisten- 
ing the shoulders on which the coverglass 
rests aids in keeping the thin coverglass in 
place, 

V (7) Mix the specimen in /^e pipet [as 
in step (S)] for about 3 minutes to assure 
even distribution of cells. ? 

(8) Exper the unmixed and relatively 
celUfree fluid from the capillary portion 
of the pipet (usually two to three drops). 

(9) Place the forefinger over the top 



(short end) of the pipet; hold the pipet at a 
45^ anglt, and touch the pipet tip to the 
junction of the coverglass and the ooiiriting 
chamber (see figure 5-2). . ' . 

(10) Allow the mixture to flow under, 
the coverglass until the chamber is com- 
pletely charged. Similarly fill the opposite 
chamber of the hemacytometer. If ovei^flow- 
ing into the moat or air bubbles occur, clean 
and dry the chambers, remix the contents of 
the pipetj and refill both chambers. 

(11) Allow the cells to settle for about 
3 minutes. Under low-power magnification, 
focus on the ruled section of the counting 
chamber and Jocate the center one-sq-mm 
area for counting the red cells. 

(12) Observe for even distaMbutibn of 
cells, ^ 

(18) Switch to high-power magnifica- 
tion and locate the square in Jthe upper left- 
hand corner (see figure 5-8),./ 

(14) Count all the red cells lying within 
this^ square and those touching the center 
line of the upper- and right-hand triple 
lines. The red cells which touch the left- 
hand and bottom-center lines are not 
counted. 



Depth eqyqls Oalmm 




Figure 5-2. Charging the Hemacytometer. 
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Figure 5-3. Hemacytometer Counting Chamber. Areas maFked 1, 2, 3^ 4, and 5 are used to 
count red blood cells. 

(15) In the same manner, count the red 
,cell§ in the remaining foiir small squares, ai 
Illustrated. A variation of more than twenty- 
five cells between any of the five ajeas 
counted indicates uneven distribution, 
Sho^Lild this occur, repeat the procedure 
starting with step (7)/ 

(16) Count the second chamber in the 
same manner. 

d:. .Galculations: • 

(1) Routinely, blood is drawir to the 
0,5 mark and diluted to the 101 mark, with 

■■ 



EEC diluting fluid. All the blood Is washed 
into the bulb of the pipet (which has a vol- 
ume of 100). Therefore, 0,5 volumes of 
blood are contained Mn 100 volumes of 
diluting fluid. The resulting ^dilution is 
1:200, These figures are arbitrary and refer 
^trictly to dilution and not to specific volu- 
metric measui'ements. 

(2) The depth of the counflng chamber • 
is 0.1 mm and the area counted is 0,2 sq 
mm (5 squares are counted each with an 
area of 0,04 sq mm ; therefore, 5 X 0.04 
sq mm ^ A total of 0.2 sq mm). The volume 
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counted is- artia x depth ^ volume or 0.2 
sq mm X M rnm;^ 0,02 cu mm. 

(By The formula is as follows! 

Avarage (of two chambers) number of = 

dilution (200) 

RBC 

• (4) EKample: 



FiTBt Chamber 
Cells "counted 
in each aquarje 

110 

100 , / 

lis 

90 



Second Ohamber 
Cells counted 
in each squarr 



99 
102 

87 

95: 

107 

490 RBQi counted 



510 RBCs counted 

■ Average of the two chamber counts 

1000 ^ 500 RBCi counted 



510 = 
490 

SOO ^ 200 



5,000,000 RBCs per cu mm' 



0.02 

'6. Sources of Error: 

(1) Improper collection of blood speci= 
mens causes variable resulti* 

(2) Wet or dirty pipets. ^ 

\(3) Poor condition or inaccurate cali- 
bration of pipets, Pipets mu€t be in good 
condition and calibrated to have a maKimum 
error of ±1% . 

(4) Poor pipetting technique causes 
high or low counts. Poor pipetting technique 
includes: ; 

(a) Undershooting desired line with 
blood or diluting fluid. 

(b) Overshooting desired line with 
blood or diluting fluid, 

(c) Air bubbles in the column on 

bulb, 

(d) Failure to wipe tip free of blood, 

(e) Too slow manipuJation follow- 
ing the withdrawal of the specimen thus al- 
lowing some of the blood specimen to coagu- 
late> 

(f) Failure to mix the blood and 
diluent properly. 



(6) Failure to expel two to three drops 
in the pipet tips before charging the hema» 
cytometer. . . ; . 

(6) Overfilling the chamber of the 
hemacytometer, which causes erroneously- 
high counts. ' 

(7) Wet or dirty coverglasses and hema- 
cytometers. ' 

(8) Uneven distribution of cells in the 
counting chamber causes erroneous results. 

(9) Inaccuracy or carelessness in mak- 
ing counts. 

(10) Diluent .which ig;,cloudy or contains 
debris. 

(11) Failure to mix an ti coagulated 
blood thoroughly before use, 

f. Discussion: 

(1) The error resulting from the dis- 
tribution of cells in the hemacytometer in- 
cluding field and performance errors is ±7 to 
11%. Field errors are minimized by count-r 
ing lai'ge numbers of cells, Performance er- 
rdrs are minimized by good technique and 
equipment. 

(2) The minimum blood sample recbm- 
mended for performing routine red blood 
cell counts is that obtained using one pipet 
and ^counting two chambers as^ outlined 
above. However, when the red blood cell 
dourii is to be used in the calculation . of 
blood; Indices, greater accuracy is required. 
In this case, the procedure is to use two 
separate pipets and fill two chambers from 
each pipet. The average count is then ob- 
tained and is used In the calculation of the 
blood indices. 

(3) When venous blood is used, it must 
be mixed properly with an anticoagulant at 
the time the blood is drawTi and again Just 
prior to pipetting to assure uniform distri- 
bution of ceils. Vigorous mixing should be 
avoided since hemolysis can result. 

(4) If capillary blood is used, the tech- 
nician must work rapidly ' following the 
puncture, otherwise coagulation of thepipeci- 
men and settling of cells in the specimen 
are likely to. begin before the blood is mixed 
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"M, . ; ■ ■ ■■ ^ 

'witH the diluent This -results in a low cell 
count and/or. a clogged pipet. To avoid in- 
trpducing excess tissue fluids that result 
-from "milking*- the flnffer, do NOT massage 
the finier after puncture has been . made. 

(6) It is of the utmost importance that 
clean, dry di hi ting pi pets be uged so that 
hemolysis is precluded. 

(6) Hayem*s solution should not .be 
more than 8 weeks old and should be flltered 
frequently. 'if^ the solution stands for any 
length^ of time* it becomes cloudy which 
makes it useless as a red blood, cell diluting 
fluid. " i::. \ ■ / \ 

{1) dccasionally/ blood "leaks" into the 
diluting solution from inserted pipets and 
causes serious errors. Thus, routine filtra- 
tion is necessary. ^ ' 

(8) Pseudoagglutinatipn of the red 
cells occurs in cases of . abnormal plasma 
proteins (myeloma, Hodgkin's disease) or 
with an increase in cold agglutinins (viral 
pneumonia); This clumping is prevented by 
addi^ig 0.01 g of gelatin to 100 ml of Hay- 
em's solution. Heating of the Hayem's solu- 
tion to 64^ C counteracts the effect of cold 
agglutinins without hehioly^ing the red 
blood cells. It is claimed that Gower's solu- 
tion prievents pseudoagglutination of erythro- 
cytes. 

(9) In polycythemia the number of red 
cells may be too great to permit accc urate 
enumeration if a dilution of 1:200 is used. 
Blood is therefore drawn to the O.S instead 
of the 0.5 mark and the sample diluteJ to 
the 101 mark in the usual manner. The result- 
hng dilution of 1:333 is used in the calcula- 
tion. 

(10) In anemia the number of red cells 
may be too small to permit accurate enumer- 
ation if a dilution of 1:200 is used. Blood 
is therefore drawn to the 1,0 instead of the 
0,5 mark and the sample diluted to the 101 
mark in the usual manner. The resulting di- 
lution of 1:100 is used in the calculation, 

g. Normal Values: 
= {1) Adult Male: 4.2=5,4 million RBCs 
per cu mnv ' 
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(2) Adult Female: 3.6=5.0 million 
RBCs per cu mm. ^ 

(S) Childhood:: 8.8^5.4 million RBCs 
' per cu mm.- 

(4) Birth; 4,7^7.1 million RBCs per 
cu riim* ^ 

5-3. White Blood Cell Count 
(Hemacytometer): 

a. Principle. A sample of blood is diluted 
with solution which lyses nonnucleated red 
blood cells. Following adequate mixing, the 
specimen is introduced into a counting 
chamber where the white blood cells (leuko- 
cytes) in a diluted volume are counted. 

b. Reagent. Zfo Acetic Acid: Add 2 ml gla- 
cial acetic acid- to a 100-ml volumetric flask. 
Dilute to the mark with distilled water. Add 
1 drop otXfo gentian violet and ml%. 

^ , ■■ ■ 

c. Procedure: 

(1) Draw well-mixed capillary or ve- 
nous blood exactly to the 0 J mark in a white 
blood cell diluting pipet This blood column 
must be free of air bubbles. 

(2) Wipe the excess blood from the 
outside of the pipet to avoid transfer of 
cells to the diluting fluid. Take care not to 
touch the tip of the pipet with the gauze. 

(3) Immediately draw 2 percent acetic 
acid diluting fluid to the **ir* mark' while 
rotating the pipet between the .thumb and 
forefinger to mix the specimen and diluent. 
Hold the pipet upright to prevent air bubbles 
in the bulb. (See figure 5-1.) 

(4) Mix the contents of the, pipet for 
3-5 minutes and fill the counting chamber 
as described in the technique for red blood 
cell counts in paragraph 5=lc. 

(5) . Allow the cells to settle for about 
3 minutes. Under low- power magnification 
and reduced light, focus on the ruled area 
and observe for even distribution of cells. 

(6) Count the white cells in the four 
l-sq-nim corner areas corresponding to 
those marked A, B» C, and D of figure 5=4 
in each of two chamberi. 

(7) Count all the white cells lying 
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Figure 5--4* Hemacytometer Counting Chamber. Areas marked and D are used to 

count white blood cells. ' 



0.5 mark and diluted to the 11 mark with 
WBC diluting fluid. All the blood is washed 
into the bulb of the pipet (which has a 
volume of 10), Therefore* 0.5 volumes of 
blood are contained in 10 volumes of dilut- 
ing' fluid. The resulting dilution is 1 '20, 
These figures are arbitrary and refer strictly 
to dilution and not to specific volumetric 
measurements, 

(2) The depth of the counting chamber 
is 0,1 mm and the ai^ea counted is, 4 sq mm 
(4 squares are caunted, each with an area 



within the square and those touching the 
upper and right-hand center lines. The white 
cells which touch the left-hand and bottom 
lines are not to be counted. In each of the 
four areas conduct the count as indicated 
by the -'snake-like'* line in the flgure 5-4, 
A variation of more than 10 cells between 
any of the four areas counted indicates un- 
even distribution and requires that the 
procedure be repeated. - 

d. Calculation: 

(1) Routinely, blood is drawn to the 
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of 1.0 sq mm; therefore, 4 X 1.0 sq mm. 
^ a total- of 4 sq mm). The volume counted 
is: area X depth ^ volume. Four sq mm X 
0,1 mm ^ 0,4 cu mmv • 

(3) The formula is as follows: 
Average (of two chambers) number of 

dilution (20) 



WBCa counted k ^.i^^, ^q.!) 
■ (4) Example; 



WBCs per m mm 



First Chamber 
Cells counted, 
in each square 

afj 
40 
44 

. 39 



Second Chamber 
Cells counted 
in each square 



45 

36 
44 

iSFWBCs counted 



158 WBCs counted 
Average of the two chamber counts 



158 

16Q X SO 
0.4 " 



320 
' 2 



160 WSCs^. 



SiOOO WBCs per cu mni 



f. 



Source^ af Error. See paragraph 
Discussion: 

(1) The allowable- error whan four 
large squares are counted is ±20%. Count- 
ing eight large squares decreases the error 

to. ±15%; 

(2) The importance of clean, dry d i Kit- 
ing pipets cannot be stressed, too much as 
the greatest source of error in the counting 
of both white and red blood cells is the use 
of wet and/or dirty pipets. 

(3) The counting chamber must be 
scriipulously clean and free of debris which 
might be mistaken for cells, 

(4) The minimum blood sample recom- 
mended for performing routine white blood 
cell counts is that obtained using one pipet 
and = counting two chambers as previously 
outlined. 

(5) In cases where the white cell count 
is exceptionally high, as in leukemia, the 
dilution should be made in the red blood cell 
diluting pipet. The blood' is drawn to the 1.0 



mark and the diluting fluid (2 percent acetic 
acid) is drawn to the 101 mark: The result- 
ing dilution is 1:100/ 

(8) In cases of leukopenia, the white, 
pipet should be filled to ihe 1.0 mark and 
diluted to the 11 /mark with 2 percent acetic 
acid. The resulting dilution is 1:10, 

(7) If nucleated erythrocytes are pres-; 
enX the count is corrected by the folllowing 
formula: 

100 

obierved count >< ino ^t^ ^ nucleated erythrocytes 

The percent nucleated erythrocytes is ob- 
tained from the differential count (see para- 
graph 5--2b). 

(8) Unopette procedures are available 
for RBO and WBC counts. 

g. Normal Values: 

(1) Adults (both sexes): 4,500^11,500 
WBCs per cu mm. 

(2) Childhood: 6,000=-14,000 WBCs per 
cu mm, 

(3) Birth: 9,000--30,000 WBC|^per cu 

mm. 

5»4, Total Eosinophil Count: 

a. Principle, A sample of blood is diluted 
with a solution which selectively stains the 
eosinophils and eliminates all other leuko- 
cytes and erythrocytes from view. Following' 
mixing, the specimen is introduced into the 
counting chamber and the number of eosino- 
phils in a known volume of blood is counted, 

b. Reagent, Pilot's Solution: Add 50 ml 
propylene glycols -10 ml distilled water, and 
LO ml sodium carbonate ^(10% aqueous) to 
^ 150-ml beaker. Mix well arid filter. Add 
W ml of phloxine (1% aqueoifs) just prior 
to use, The addition of 10 units of heparin 
to this solution prevents clumping of cells, 

c. Procedure: 

(1) Draw capillary (or venous blood) 
to the 1,0 ma*rk in each of two white cell 
diluting pipets, 
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(2) Draw Pilofe^s solution to , the 11 
mark of each pipet. 

(3) Mix by gently shaking the pipets 
for 30 seconds. Prolonged and harsh shaking 

. will tend to cause rupturing of the eqsino- 
phils. " . , , 

(4) Expel the cell-free liquid from the 
capillary pbrtion of the pipets, 

(5) Using one pipet, charge both cham- 
bers of a hemacytometer and with the other 
pipet charge both chambers of the second 
hemacytometer. ■ 

(6) Allow both hemacytometers to 
stand for 15 minutes to permit staining of 
the eosinophils. To prevent evaporation, the 
hemacytometers are placed on a damp towel 
and covered wfth Petri dish' covers, 

(7) Under low-power magnification, 
count the red-stMned -eosinophils in the en- 
tire ruled area (9 sq mm) on each of the 
four chambers (a total area of 36 sq mm). 
The chamber has a depth of 0.1 mm so the 
total volume is 3.6 cu mm. 

d.. Calculations: 

XT u jf ' i , dilution (10) 

■NuniDer of eoainophilg counted X —,-= — -^th-xi = 
- volume (3,6) 

eoRinophils per eg mm 

©. Sources of Error. See paragraph S^e. 
/ f; piscussion' / 

(1) Fuchs-Rosenthal or Levy hemacy- 
tometer is preferable to a standard counting' 
chamber = since, its greater volume (4.0 x 
4.0 X 0.2 mm) allows for counting of more 
cells^ thereby reducing the statistical error. . 
Counting two of these chambers is equiva- 
lent in accuracy to seven standard chamber 
counts: 

(2) In eosinopenia, it is necessary to set' 
up more chambers to provide an optimum 
number of cells^to be counted. 

(3) The eosin-acetone diluting fluids 
are unsatisfactory, and should not be used. 

(4) Estimation of eosinophils on a 
stained- blood smear are too inaccurate for 
use because of poor cellular distribution. 

(5) The prof)yIene glycol in Pilot's solu- 



tion renders the erythrocytes invisibre*^ and' 
. the sodium carbonate causes lysis of all the 
leukbcytes except^ the eosinophils. The phlox- 
ine stains the eosinophils^ 

(6) In the Thorn test an eosinophil 
count must^be made prior to the initiation 
of the test proper. This establishes the pa- 
tient's total eosinophil count, to which the 
response of the adrenal cortex to ACTH can 
be judged. ACTH is then injected and at 
an interval of 4 hours, another/ eosinophil 
count is made. The interpretation, of this 
test is as follows; 

Normal— approximately a 50 percent 
drop in eosinophils, . ' 

.. ^ ■ ' Cushing's disease (hyperadrenal- 
ism) — ^0-80 eosinophils per cu mm. 
Addison's disease (hypoadrenalism) 
no change in eosinophil count, 

(7) Nasal smears are also submitted. for 
eosinophil evaluation. These smears are 
stained with Wright's stain and examined 
for the presence of eosinophils, 

g. Normal Value: 150^300 eosinophils per 
cu mm. 

5--5, Absolute Basophil Count (Cooper): 

a. Principle. Erythrbcytes are lysed with 
cetylpyridinium chloride. The basophils are 
rendered insoluble in ammonium sulfate and 
stained with toluidine blue. : The stained 
basophils are then counted in a Fuchs- 
Flosenthal counting chamber, 

. b. Reagents: 

(1) Solution 1. Add 100 mg of EDTA 
(disodium salt) to a 100-ml volumetric flask. 
Dilute to the mark with 0.85% NaCL ' ' 

(2) Solution 2. Mix 25 ml of 0.5% 
cetylpyridinium chloride solution (aqueous), 
20 ml of 0.8% toluidine blue in 5% alumi= 
num sulfate, and 20 ml of distilled water 
in a beaker. Filter and transfer to a reatfent, 
bottle. 

c. Procedure: ^ ^ 

(1) Add 0.08 ml solution 1 to a 10 x 75 
mm test tube. 



(1) Add 0,02 ml bl^d from a skin punc= 
fcure and mix. - 

- (3) Add .0.1 ml soluti^^^^-^ix. 

(4) Fill 2 Fuchs-Rolanthal chanibers 
using capillary pipet. 

(5) Place the chambers in a moist at- 
mosphere and. allow the cells to settle for 5 
minutes.. 

(6) Count the basophil^ in all sixteen 
large squares. The, basophils are purple-red, 
rrtetachromatically-stained cells. . 

d/ Calculations, The chamber has an area 
of IB sq mm and a depth of 0.2 mm; there- 
fore, the volume cpurit ^^quals 16 x 0,2 or 
3.2 cu mm. The formula is as follows: 

Total ba.^onhils counted ^ » 

= — =~-^^— — " ^ Basophus per^cii mm 

e. Sources of Error. See paragraph 5-2e, 

f. Discussion: , 

(1) An absolute basophil count is used 
to study allergic reactions. 

(2) The EDTA solution prevents plate- 
let agglutination. 

(8) The^ aluminum sulfate acts as a 
mordant to improve the staining qualities 
of tokiidine blue. 

(4) Another procedure employed to 
perform a basophil count is the Neutral Red 

= Technique. It has the fpllowing^ dipadvan- 
tage: Eosinophils can be stained^ basophils 
c^i be water soluble, and platelet aggre- 
gates can form. - 

(5) Basopenia refers %o a decreased 
number of basophils. Basophilia refers to an 
increased number of basophils. 

5=6. Reliculocyte Count- 

a. Principle, Nonnucleated immature 
erythrocytes (diffusely basophilic^ erythro- 
cytes) retain some" basophilic substance. 
With supravital staining this substance' ap- 
pears as a reticulum within the celL This 
cell is then known as a reticulocyte. 

b. riea^ent. New Methylene Blue Solu- 
tion. Dissolve 0.5 grams of new methylene 
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blue, 1.4. grams potassium oxalate, and 0,8 
g-NaCl in. distilled water. Dilute to .100 mh 
Filter before use. . = 

c. Procedure: 

{1) Add 3 or 4 drops of new methyl- 
ene blue arid 8 or 4 drops of blood (venous 
or capillary) to a small test tube or mix in 
a mi.crohematocrit tube. Mix well and let 
stand for 15 minutes. 

(2) Place a small drop on a clean glass 
slide and prepare a thin smear (see chapter 
8j paL-agraph 3-6). 

(3) After the sHde has dried, focus 
on the smear under low-po%yer magnifica- 
tion and locate the thin portion of the smear. 

(4) Switch to oil immersion magnifica- 
tion and count 200 erythrocytes, including 
reticulocytes in each of five different areap 
on the smear (a total of 1,000 cells). Re- 

' cord the number of reticulocytes observed. 

. d. Calculation: 

Number of reticulocytes counted ' \ 

— ^- — — — — - . - '-. ^ % reticulocytes 

e: Sources of Error; 

(1) Equal volumes of blora'^ and stain 
give optimum staining conditions. An excess 
of blood causes the reticulum to understain. 
An excess of stain usually obscures the re- 
ticulum. 

(2) Crenated erythrocytes and rou- 
' leawx formation make an accurate "count 

difficult to perform. 

(3) Stain precipitated on erythrocytes 
causes them to appear as reticulocytes, 

(4) Dirty slides causes uneven spread- 
ing. 

(5) The dye solution should have ade- 
quate time (step 1) to penetrate the cell 
and stain the reticulum. 

f. Discussion: 

(1) Reticulocytes, are nonnucleated 
erythrocytes which exhibit blue reticulum 
strands within their cytoplasm when stained 
supravitally. When stained only witb 
Wriffht*s stain, they are buff-pink in color 
and larger and darker than erythrocytes. 
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(2) • Reticulocytes serve as an index of ^ 
the activity of the bone marrow in blood 
regeneration. As such, these counts are of 
value in following. ahti-anemia= therapy, Sat- 
isfactory response to therapy is evidenced 
by an increase of reticulocytes /in the pe- 
ripheral blood. Increased reticulocyte counts 
also occur whenever there is rapid bone 
. mrtrrow activity as in leukemia or blood 
regeneration associated with hemorrhage or\ 
hemdly^is. 

'(3) Several nnethods for staining and 
counting reticulocytes are in common use. 
Compared to the iise" of alcoholic solutions 
of dye, methods employing saline solutioris 
of new methylene blue can give slightly 
higher values for reticulocytes. For. compara- 
tive studies, the same method should be 
used throughout the work. 

(4) Precipitated stain is often confused 
with reticulum but can be recognized by its 
presence throughout the smear and ajDart 
from the red cells. Precipitation can be elim- 
inated as a source of error by frequently 
filtering the st£^in. 

g. Normal Values: 

\ (1) Births 2.5=6!0^. " ; 

(2) Adults (both sexes); 0.5=1.5%. 

&-7, Cerebrospinal Fluid Cell Counts: 

a. Principle. Cerebrospinal fluid is de- 
livered to a counting chamber and examined 
microscopically for blood cells. Normally, 
spinal fluid is clear. If the spinal fluid is 
cloudy, a dilution is made before charg-ing 
the counting chamber. 

b. Reagent. Cerebrospinal Fluid Diluting 
Fluid: Add ID ml of glacial acetic acid and 
0.2 grams of crystal violet to a 100-mr volu- 
metric flask. Dilute to the mark Avith dis- 
tilled water. 

c. Procedure: 

NOTE: Set up cell counts on spinal 
fluids within 30 minutes after withdrawal 
of the specimen. 

(1) Clear spinal fluid is set up as fol- 
lows: 



" ■ ' " (a) With a capillary pipet introduce 
a drop of well-mixed spinal fluid' into one 
counting chamber of a hemacytometer. 
(CAUTION: Avoid contamination- by care- 
ful handling of spinal fluid.) 

(b) Examine the entire ruled area- 
fort he presence of cellular elements. If both 
leukocytes and erythrocytes are observed, 
note the condition of the red ceils (fresh 
or crenated). _ 

(c) Count all cells in the entire ruled 
area (0,9 cu imm). 

^ (2) Turbid spinal fluid is set up as 
follows: 

(a) Draw cerebrospinar fluid diluting 
fluid to 1,0 mark of the white blood cell 
diluting pipet. , 

(b) Carefully draw a well-mixed' 
specimen of spinal fluid to the 11 mark. 

(c) Shake the pipet for 2 minutes, 
to mix^the specimen. 

(d) Discard the fluid in the capil- 
lary portion of the pipet. - ^ 

(e) Charge the counting chamber ; 
and allow the cells to settle for 5 minutes. 

(f) Under low-power magniflcation • 
count all cells in the entire ruled' area (0.9 
cu mm). 

(g) Switch to high-power and per- 
form a rough differential count. 

(3) For very cloudy spinal fluid a 
white blood cell dilution is made as foljows: 

(a) Draw spinal fluid to the 0.5 
mark in the white blood cell diluting pipet. 

(b) Draw cerebrospinal fluid dilut- 
ing fluid to the 11 mark. * 

(c) Perform steps (c) through (g) 
in paragraph 5-6c(2). 

d; Calculations: 

(1) Clear spinal fluid: - 

Number of cilia counted 
^ volumMO:?)" " ^cellB per cu mm 

(2) Turbid spinal fluid: 

^Number of^cells counted X dHutioti (10/9) 



volume (0.9 cu mm) 

S5 cells per cu mm 
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^ (3) Very clbuded spinal fluid; 

Number of eelU countid x dil^n ^(gO) ' 
volume (0.9 cu mm) \ " . ■ 

■ cell i per eu mm 

Sources of Error. See paragraph 5=2e. 

f. Discussion: * = 
' (1) If more than 100 leukocytes per cu. 
mm are present, centrifuge the undiluted 
specimen^ make^ a smear, and stain with 
modifled Wright^s stain. Ferform a routine . 
differential count and also estimate the ratio 
of erythrocytes to leukocytes.. NOTE: It^ 
may be necessary to use egg albumin or^ 
celUfree serum to r oke the sediment adhere 
to the slide/ / - ^ 

; ' ; i2) Normally the spinal fluid is water- 
rlon*^ Tt can be turbid if cell count is 500 
Q^u\^)v^ cells per qu mm. If there is frank 
blood with spontaneous clotting, the indica- 
tions are those of a bloody tap. Xanthd- 
chromia develops after subarachnoid hemor^ 
rhage has been present for a few hours and 
is 3ue to disintegration of blood pigments. 
Xanthochromia may also develop from tu- 
mors, abscesses, and Inflammation. 

(3) Cell counts above 10 are considered 
to be evidence of intracranial disease. The 
predominant cell in most viral infections, 
syphilis, and tuberculous meningitis is the 
lymphoc5He, Bacterial infections due to 
meningococcus, pneumocpcGus, etc., usually 
result )T\ a predominahce of the neutrophil. 
Cerebral and extradural abscesses as well as 
subdural hemorrhiages produce a neutro- 
philic response although bacteria are not 
demonstrated. 

(4) Biochemical, bacteriological, viro- 
logical, serological, and hematological ex- 
aminations are all necessary to reflect the 
true condition of the cerebrospinal fluid. The 
current laboratory stan^ding operating pro- 
cedure3 should give guidance to the efflcient 
method to accomplish all the necessary ex- 
amin.ationi. 

gi Normal Value: 0-5 cells per cu mm 
(chiefly lymphocytes). . 



5-8. Semen Analysis: ' :/ 

a. Principle. Sem^n analysis involves ^ 
gross examination (volume, color, turbidity, 
viscosity, and pH) and microscopic* exariii^ 
nation (motility and- spermatozoa count). 

b. Reagent. Spermatozoa Fixative Solu- 
tion; Add 5 grams sodium bicarbonate 
(NaHCOa) and 1 ml of. formalin to a 100^ 
ml volumetric flask, Dilute to the mark-with 
distilled water. ; , ' 

c. Collection Instruction, A physician will 
"usually give the instruction;^ ho%vever,. the 

patient should be reminded of several criti- 
cal points. 

(1) The patient may be required to ab- 
stain from intercourse for a period directed 
by the physician. 

(2) The specirnen is collected in a 
clean container that 'has been pTewarmed 

.to body temperature/- 

{%) The specimen should be delivered 
to the laboratory within 30 minutes. 

(4) The specimen must be kept at body 
temperature (87^ C) and not subjected to 
extremes of heat or cold. 

d. Gross Examination: 

(1) Record the time of collection and 
receipt of the specimen. 

(2) Measure and record the volume.^ 

(3) Observe and record the color 
(white, gray, yellow, etc.), turbidity (clear, 
opalescent, opaque, etc.), and viscosity 
(viscid, gelatin, Hquid). 

' (4) Determine the pH with a pH rea- 
gent strip and record this. 

e. Motility Exatniniation: 

(1) When the specimen becomes fluid 
(within 15 to 80 minutes after collection the 
semen liquefles by the action of flbrinoly- 
sin), place 1 drop on a slide (prewarmed to 
87^ 0) and place a coverslip on it. 

= (2) Under high dry power, count 
motile and nonmotile spermatozoa in two or 
more areas. Only Ahose which move forward 
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aotively are considered motile. Record the 
percent of mot 11© spermatozoa seen* . • 

(3) Repeat this procedure in 3 hours 
and 6 hours, using a new drop from the 
original specimen each time. J 

f, Spermatozoa Count: 

i t) Draw the liquefied semen to the 0,5 
mark pn white blood cell diluting pipet/ 

(2) Draw fixative solution to the 11 
mark on the WBC pipet. 

. (3) Let the mixture stand until the 
mucus dissolves. / ■ 

(4) Shake the pipet thoroughly and 
charge a hemacytometer. 

(5) Count the spermatozoa in the 
same manner as you would count white 
blood cells, 

(6) After counting the sperm, examine 
the morphojogy and report the percent of 
abnormal forms. Morphologically-normal 




OlANT^HiAD ^ ACUTE TAPIRING FORM AMORPHOUS FORM 




V. DOUBLi TAIL CONSTRjCTID HIAD DOUBLE HEAD 



Figure 5-5. Morphology of Spermatozoa, 



sperm are quite uniform in appearance. Any 
; sperm with : rounded, enlarged, small, or 

bilobed . heads are abnormal. Abnormal tails 

are. enlarged, small, irregular in length, ab= 
^sent, or multiple. See figure 5-5 for mor- 

pholo^ of spermatozoa, ; 

g. Calculations: 

(1) Ntimber of sperm , . 
counted X dilution ( 20) 
volume (014) " 

— sperm per cu mm 

(8) Sperm per cu mm x 1000 ^ sperm 
^ per mP ^ ^ • 

h. Sources of Erro.r: 

(1) Delay in analysis results a lower 
percentage of motile forms and a lower 
count. 

(2) Temperature extremes cause sper- 
matozoa to die, . 

(8) See paragraph 6-2e for sources of 
error when counting. ^ 



■5-14 .■ ^ ■ . J 

i. Discussion; . = / 

(1) Semen analyses are dually per- 
fol*med for sterility studies following a vasec- 
tomy or a barren marriage. 

(2) Semen analysis Gan be performed 
for medico-legal cases involving rape or to 
support or disprove a denial of paternity on 
the grounds of sterility. 

(3) Semen is derived frpm the follow- 
ing: testes* seminal vesicles, prostate^ epi- 
didymides, vasa deferentia^ bulbo-urethral 
glands, and urethral glands. / . 

_ j.. Normal Values: 

: . . (1) Volume: 1.5-5,0 ml. 

(2) pH: 7.2=-7,6. ■ 

(3) Motility: 60^90%. 

(4) Spermatozoa Count: 60-150 mil- 
lion per mL 

SECTION B— HEMATOCRIT 
5-9* Introduction* 

a. The .hematocrit or the packed-cell vol- 
ume is the percentage M the total volume 
of red blood cells , in relation to the total 
volume of whole blood. The procedure is per- 
formed by filling a tube (capillary or Win- 
trobe) with blood and ; centHfuging at con- 
stant speed for a constant period of time. 
The packed-ceU volume is then measured. 
The hematocri^an also be determined by 
automated sequential analysers but is us- 
ually a caJculated value. Two manual methods 
are presented in this chapter: the macro- 
method of Wintrobe and a micromethod- 

b. The hematocrit is the most useful single 
index of the degree of anemia or polycythe- 
mia. It can be the most accurate (2=4 per- 
cent error) of all hematological determina- 
tions. In contrast, the direct red blood cell 
chamber count has a percent error of 8= 
|lO%,,The hematocrit is, therefore, prefer- 
able to the red blood cell count as a screening 
test for anemia. Erythrocyte counts and 
hemoglobin can be estimated from tb^ 
hematocrit by the following formulasf 
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, (1)' One hematocrit point - 0.34 gram 
hemoglobin per lOQ ml of blood. , 

(2) One h^matbcrit point - 107,000 
erythrocytes per cubic millimeter of blood. 

5^10. MacrohematQcrit (Wintrobe) i 

rSL. Principle. Whole blood is collected by 
venipuncture, mixed with an anticoagulant, 
and pipetted into a Wintrobe tube. The tube 
is then centrifuged to pack the cellular ele- 
ments. The height, of the packed red cell 
column is read and reported as a. percentage _ 
of the total .blood column. This percent is, 
the hematocrit or packed-cell volume (PCV). 

b. Procedure: ^ 

(1) Dra%v 5 ml of blood by venipunc- 
ture, place the blood in a test tube contain- 
ing EDTA, and miK thoroughly - by gently 
inverting the tube several times. . 

(2) Draw the blood into a capillary 
pipet. Fill the Wintrobe tube to the "0" 
mark by inserting the pipet to the bottom 
of the tube, %vhile holding the tube at. a 45^ 
angle. As the tube is filled,i slowly withdraw 
the pipet so that the tip is always just below 
jhe level of the blood. The blood cdlumn must 
be free of bubbles. ^ 

(3) Place the Wintrobe tube in a cen- 
trifuge and spin at 8,000 rpm for 30 minutes. 
The RCF must be 2250 G; 

(4) Bead the height of the column of 
packed red cells at its junction with the 
buffy coat. This level, as sho%vn on the as- 
cending scale etched on the tube, is the 
hematocrit and is reported In percentage, 
(see figure 5-6), 

c^ Sources of Error: 

(1) Failure to mjx the blood specimen 
thoroughly yields an imrepresentative sam- 

^ pie. Always remix the sample immediatiely 
prior to filling the tube, . ' 

(2) Prolonged application of the tour- 
niquet causes a concentration of blood cells. 
This results in, an elevated value. ■ 

(8) The. sample must be spun for 30 
miniHes at 3,000 rpm. Neither the tinre nor 
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Buffy Cmnf 



Figure 5-6, Wintrobe HematoMt Tube* 



the spied can be varied without aitering the 
results. The RCF must be 2250 G. ' / " 

; *^ (4) Misreading the red cell level by in- 
eluding the buffy coat yields an increased 
result.^ 

^ d. Discussion: ^ • 

(1) To allow for better separation of 
the. cellular elements in the hematocrit, the 
tube should stand for at least 15 minutes 
prior to centrifugation. This separation m 
adequately accomplishecl if a 1-^hour sedi- 
mentation rate precedes the hematocrit. 

(2) Above the colujnn of packed red 
cells is a layer of white cells and throm- 
bocytes called the *'buffy coat." This layer 
is normally about 0,5 to 1.0 mm in thickness 
and serves as a rough, guide of white cell: 
and pllitelet numbers. It should not be sub- 
stituted for the white cell count as variations 
in size of cells influence the number esti- 
mated. 

(3) The appearance of the plasma 
might suggest certain abnormalities. Nor- 
mally, this, fluid is clear and straw colored. 
A golden-yellow colored^ plasma might in- 
dicate the pi^sence of jaundice while a 
creamy-opaciue aijpearance would suggest an 
excess of fat in the blood (lipemia). 

(4) In normal blood, centrifuged at 
3,000 rpm for 30 minutes, trapped plasma 
comprises an average of 4.8 percent of the 
red cell .column. This is reduced to 2,5 per- 
cent by centrifuging for 55 minutes. Aniso- 
cytosis and spherocytosis do not alter plasma 
trapping. Variation in the amount of p^sma 
trapping is so smair after centrifuging for 
55 minutes, even with pathological bloods, 
that it is recommended dver the 30-minute 
^ntrifugation when greater accuracy is de- 
sired, 

e. Normal Values: 

(1) Birth: 44-^64% (average 54%). 

(2) Childhood: , 84-41% (average 



38%). 



47%). 



6i 



(3) AHult Males: 40-54% (avera 
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(4) Adult Females: 38-=47% (avterage; 

42%). . ' 

,^11. MicrohemlLtocritf 

a, 'Principle. A capillary tube is filled with 
whole blood by gravity and capillarity to 
within 1 or 2 cm of the end. The unflll^d 
end is sealed and the tube is centrifuged. 
After centrifugation, the capillary tube is 
placed in a reading device arid the hemato- 
crit value determined, ^ % 



b. Procedure: ^ 
XI) If anticoagula^d venous blood is 

the speciinen, fill a pla^^apillary tub^'with- 
b^ood. If blood without anticoagularit is used* 
fiirNa hepwjnized capillary tube^with the 
blood .,SELecim^. A he^iimrzed^capillaTy ^ 
tiibe is fdentified by a red line o^i trie^tube. ^ ' 

t "(2)' Seal We unfilled end of ' the tubt . 
with k commerciabstelingivaK or eiayv ^ ' ^ 

(3) Place the capiljary ttibe in wie of'^ 
the numbered slots in .the centrifuge head 
in such a mariner that th^^se^led|erid is in " 
contact with the peripheral the can- 
trifuge head. CAUTION: Failurfe to have the' 
capillary tube in contact with the rim might 
result in a shattered tube as the centrifuge^ 
speeds up. ' ; 

(4) Screw the flat centrifuge Head 
cover in place. , 

(5) Centrifuge the capillary tube at 
- lOjOOO rpm for 5 minutes, ^ . 

(fi) ^Determine the hematocrit, rvalue 
with the aid of a microhematocrit reader. 
NOTE: Since there are a variety of readers 
avaHable, it is necessary that the technician 
carefully follow the directions of the mmnu- 
fncturer for the particular device utitl^ed. 

c. Sources of Error: * 

(1) Impraper sealing of th& capillary 
tube" causes the blood to blov^ 'put of the 
capillary tube during centrifugat|on. 

(2) Capillary tubes must; be properly 
identified. Numbered holders for Gapillary 
tubes are available. Place a tube in a slot on 
the holder and record the riunr\ber on the ^ 
laboratory request slip. 
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, ; ,(8^^Inri^ropei? c'entrifugatiori leads; to 
varied w^esults^ For^ good quality control, 
maintain \prescribed centrifuge speed and 
■ time, y/^i': .'!' } : , . ■ . ■ , 

^(4) iUsreading the/rjed cell level by 
i'nclud(i1g\ the huffy coat causes elevated 
valyls. ^ ' ^ i 

/^d. /Discussion! ' , 
^ fl)/The microhematocrit technique is 
advantageous because *of speed, and because 
only a small quantity of bipod is necessary 
for the determination. An additional advan- 
tage 4s:the 'ease with which this procedure 
iff ^ ^adapted to infants, and small children. 
The \m1crohdmatocrit technique requires 
^ onl^a simple capillary puncture whereas in 
theMrintrobe method venous blood must be 
Vse^^notheiv advantage is the use of dis- 
posalffil capillary tubes. 

^' ' Jf the mi^rohematocrits cannot be 
Hdd pi^mptly* the capillary tubes must be 
properly jdentified and placed in a vertical 
- position. Slanting of the cell layer^will occur 
■if tubes are left in a horizontal position for 
more than 30 minutes. 



e. NormakValues! 
- (1) Birth: 44^4% (a^^ge 54 ?&). 

(2) ChildhoQd;^ 34^41% (average 
38%). ^ \ ^ ^ ■ . ^ 

(3) Adult Males: .40=54% ' (average^ 
47%). ^ / ^ 

(4) Adult Females: 38=47% (average 
42%). , 

SECTION C— ERYTHROCYTE 
SEDIMENTATION rAtE 

5-12. Introduction. The erythrocyte sedi- 
mentation rate (ESR) measures the rate of 
settling of erythrocytes out of the cellular- 
plasma suspension. The ESR is complex bio- 
logical phenomenon Influenced by a variety 
of factors. Size and shape of erythrocytes 
cause the ESR to fluctuate. Microcytes tend 
to settle slower than normal cells, while 
macrocytes fall more rapidly. An increase in 
spherocytes and/Or bizarrely-shaped red cells 
retards the sedimentation rate/ With a de- 
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■ creased .hetnatbcrit there rftari^ation 
of sedlmentatibfl by the ir^^throcytes them- 
selves and they t^id to (ettleijaster, porrec- 

\ for anemic Blood are> aWiIable ; how- 

Vevier, nipst: experts' consid«* ,this ■correction 
useless and Invalid* Always correct fpr 

r anemia when requested to do so by a phy- 
iician. An increased^ hematOGrlt ^bove 
55%) retards the sediihentatioh rale In/ 
certain ^j^aae processes there is an Increase 
in flbrino^en and/or globulin. The ^creased 

/ concehtratlon of these substances causes 'the 
erythrocytes to settle faster.; The determina- 
tion of the erythrbcyte sedirteritatjpn rate 
is fterformefl by many methods. ^^he . most 
pppular, the Wintrbbe-Landsbei^g.'is butlined 
■ below. , - ■ ^ ■ • V'."'"\ ' . ■ " 



5-43, Determination of Sedimentation Rate 
CWIntrabe-Landiberg) f = 

a." Principle/ / Anticoagulated blood is 
placed 4n a narrow tiibe. The blood cells 
settle out of- the suspehs^on^ leaving' clear 
plasnia above themv The distance that the 
erythj^cytes f all within a*^ given Interval of'^ 
time is measured. ^ 

; b/^Prbcedure: - , ' 

(1) Draw^ 5 ml of blopd by venipunc- 
ture and place in a test tube "contajning- 
EDTA (lavender top vacuumtube)^ 

-(2) Thoroughly mix the blood and; 
anticoagulant by gently Inverting the tube 
several times, being careful not to cause bub- 
bles. ^ ^ ■ i. \- ' • » . 



' ^ (3) Draw the blood into the/capillai^y 
pipet and fill the Wintrpbe tube to '^the "0" 
tiaark. This is^ done by Inserting ;a capillary 
pipet to. the fibttom of Ihe Wintrobe tube, 

'while holding it, at an angle of 45^, As the ' 
tubeJs fllled> slowly withdraw/thej^ipet so 
tha't the tip is ^Jways just bildw the level of " 
the blobd.^ The Blood column must be free of 

'bubbles. / ■ \^ / /• 

;n H4)^;place the -^.filled Win trobe tube in' 
a rack in an jexrtctly vertical position and 
/gi^tejhe tipie and room temperature. 

/'/^: (5) At the ^d of exactly 1 hour, read 
the level to whigh, the red cells have settled i 



, on ' tK^ deacendirig : scale etched on the tiibe. ^ 
/Each mark equals 1.0 mm while each nuhi- 

/ bered Tn^rit^feqiials 10 mm (1 cm) /The figure 
obtained is reported in mmt per hour as/ the / 

.4 "uncorrected" .e^ythmcyte sedimentatipn ; 

" • ^te. '/ , /' ,/^ ,;/, •/ 

(6) If a "ebrrected''^ sedlmeht^^^ iar 
Tequestedv perform a. hematocrit/ Calculatprs 
to correct for sedinfieritation rate are avail- 
able in the Federal Supply Catalog; \, » / 

c/ Sdnrces of Error : } - ^ V 

/^ (i) The blood specimen must be prdt- ' 
rerly^mixed ^ith the proper anticoagulant to 
obtain an undiluted representative sample^^ . 

.(2) Delay in performing the . test be- , 
yond 2 hours after the blood, Is drawn de- > 
^^creaseS;:thi sedimentation ratei^^^^^^^^^^^^— — - 

(8) Increase in temperature acceierates 
the r^te/ Desirable temperature range is 
22^ CtoJT^ C; - - ' : . 
; ; , (4) 'The tube must : be' vertical/ A* 8^^ , 
/ variatioh from the vertical accelerates thev 
. rateby 80%v. ; /: C ^-...^yl- 
^ r (6) Dirty Wintrobe tubes or ^pillary ^ 
pipets can deqreaseithe rate. 

(6) Tubes should be pWced free from 
vibmtion or disturbance, / ' , ' , / 

d/Discussion: , ' 

(1) The . erythrpcyte sedimen^lon 
rate is a' nonspecific test whith 'suggests the 
possibility o*f % disease procesg anS ^tissiti 
damage in the body; Tt is ;hot diaignosttc but 

is extremely Mseful in following t?ie dourse * 
of sorrie diseases. ' • : 

(2) 'The' rate is usually increased in in-'; 
flammatory ihfeqtionSj :tQ?cemia, cell or tissue 
destructibn* se^Sre anemia, active tuberculo- 
sis, /syphilis, acute coronap^ thrombosis, . 
rheumatDid arthrljis, And . ni align ant proc- 
esses/ , •■ ■ • ■ , . : ■ 

/ tS)* Sickle eel] anemia, pQlycythemia, 
hypofibrinogenemla and certain drugs'. usu»- ' 
ally decrease the rate;^ - 

*'fe/ Normal. Valu€s^ v \ 

(1) ^ftfen ; 0^9 mm, , ' /j / 

(2) Females" 0-20 mm. ; ' 
' ^ (3) 'ChlldrOT , 



1^ 



•15^ is a 

: ; > ^cppjufati^ prpteln Goinposad of^ the ^basic 
proteirt^lobin linked to 4 heme molecules, 
l^ineti^ight percent of an t%^^ iron found 
In the blood is cdnlalne^ in .hempglobin/ 
Hemoglobin transpbrts oxygen and carbon 
dioxide. This Important iubstance Resets 
with oxygen to form oxyhemoglobin. In the 
tissues oxygen is released and reduced hemp- 
^globin formed. Hemoglobin can react with 
acidip basfeSj and oxidising anid reducing 
agerfts^ It also can e^ist a variety^ of 
forms. These^ hemoglobin compounds ahd. 
variants are discussed: briefly iii .the follow- 
ing paragraphs. For more detailed Informa- 
^tion,^ jre£!eE.jto . thfe 

texts.; ^ ' 

CQnipounds of Hemoglo^ 



a. Oxy hemoglobin. Oxygen dombines 
looaeiy with the iron (ferrous state) ijrt hemh;^ 
oglobin. The loosely attached .oxyj;en disuses 
intp^ the tissued for oxidative processes. The 
hemoglobin then binds carbon dlpxide and 
exists as reduced hemoglobim 

^ b. Carbbxyhemoglobin. Henioglpbin com- 
bines with v carbon monoxide to forrii car- 
boxyhemoglobin/parbon monpxlde has an 
affinity 200 times greater for hemoglobin 
than oxygen* does. Hemoglobin In this com- 
bination is incapable of oxygen transport. - . 

c^ Methemoglobin. This compound' ' Is 
fornied when the ferrous st^te of the heme 
is oxidized to the ferrieV state. This com- 
pound is incapable of dfec^gen trahspbrt. , 

/ d. Sulfhemoglobin^Thia conapound re-, 
suits from the comblriation of inprganic sul- 
fides and hemoglobin. This compound is in- 
capable of oxygen transport. 
^ te. Cyanniethemogk)bin. This compound 
results when methemogldbin combines with 
the cyanide tadicah This compound is used 
in hemoglobi^ometry.- - 

5-16/ Variations, of Hemoglobin* The va- 
riations of hemoglobin occur due tq struc- 
tural differences in the globin protein. Thest 
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■ ^ dift^rfences ; are^^pnttically ^ cqntrblled, 
, normal hemoglobin coniponents are hemp- 
, globin A^ (Hb A hempglobin A. (HbA.),; 
and fitaf ;hemoglobiTi (HbF)/ HbA consti- 
tutes most of the. hempglbbih of ^ normal 
.= adult while HbAy constitutes a much smaller 
amount. HbF is present during the first 4 
to 6 months of life and not normally present 
in adults. Hemoglobin S and hemoglobin O 
are the most commpniy occurring abnprmaL 
hemoglobins. Others (D, H, etc.), ari 
fqund in rare ocourrence associated with 
several types, of anemia, The Various types 
of hemoglobin are, separated^by electropho- 
' -.'resis. \ ■ \ ' - ' " • • 

.^.J,5^1J*^ ttfimoglpbinon^tr^ 

concentration is directly prdportional to the 
oxygen-combining capacity of blood. There- 
fore, the meaguremjent of the hemoglobin 
concentration in' the. blood is important as a 
screening teft for dilq^ses associated with 
'■^ anemia and for following the response of ^ 
these dissMii to treatmentv There lare four 
basic ways to measure the henipglobin eon- 
centratjon t ( 1 ) measurement of the oxygen- 
Y cQmbining capacity of blood ' (gasometric), 
(2) measurement of the iron qpntent ( chem- 
ical method), (8). colorlmetric measurepienl 
. of specific gravity ( gravi metric method )^ 
and i4) cmOTimetric measurement of a col- 
ored derivam^e of hemoglolSin. The fourth 
method is thi most widely usedi The cyan- 
^ mithemogybin method is thie- method^ of 
choice and is recommended by tha J'echnical 
Subcommittee on .Haemoglobinometry of^ 
the Iniernatipnal Committee, for Stand- 
ardizatign in Haematolqgy/! 

5-18. Cyanmethemoglobin Methods 

a. Principle. Blood is diluted with a-di-; 
lujte solution of .potassium ferricyanide an^ 
' potassium cyanifie at a slightly, alkaline pH. 
The f erricyanidi converts the^h^moglobin to 
methempglobin. The cyanide then i^acts 
with the methemoglobin to form the stable 
cyanmethemoglobin. The^ hemoglobin con- 
tent is then determined in a spectrophotom- 
/,eter. 
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(1) prabKin*s Riia^ent 

■r oglobln' Reagent),. Available in pellets or 
powder^ln the Feideral Supply 

(2) Cyanmethemofflobln ^ StandaVds, 
.^Stable, accurate standards TQf eyanniethemo- 

; , iglobiri.are available Gommercially. These so- 
lutiQns usually contain about 80 mg per 91 
hemoglobin as cyaninethemoglobln. For ex- 
- ample^if a 1:301 (0,02 ml to 6^0 ml)- dilution 
is used in the procedure) an 80 mg per dl 
standa:rd corresponds to: 80 k 801/1000/=^; 
24 g hepioglobin per dl in undiluted blood, 
Standards of bthen concentra;tions and dilu- 
tions may be calffDlated by this game f c 
mula. ■ .... . ■• 



tor- 



c/ Example of Preparation of i/ Calibra- 
, tion Curve: ^ 

(1) With an .80 mg per d] standardi 
set lip standards as follows: 

_ \ \ CymmBthemo^ 

Tube Standard glohin Diluent ^ ConoentiratiQn 

- 1; Oini; ami ' 0 : 

2 / l.B ml 4.5 ml 6 g per dl 

3 3 ml 3 ml: : 12 g per dl 

4 4.S trtl ■ 1.5, ml ; 18 g per dl 

5 6 ml 0 ml 24 g per dl 

'1(2) Place tube 1 in the well of the spec- 
trophotometer at a wavelength of 540 nm, 
; Adj list the spectrophotometer to - zero ab- 
^orbance. . 

v (3) Read and record absoi^bance for 
'tubes 2-5. .. . . . . 

, S (4) Plot the absorbance versus hemo- 
globin concentration on linear graph paper. 

(5) Check the, calibration dally with 
one of the prepared standards^ NOTE: The 
hemoglobin standards, should be capped and 
stored in thf refrigerator until' used. When 
used to calibrate fpr hemoglobin determina- 
tions, *they are allowed tp warm- up to ro^ 
temperature to minimize condarisation of 
moisture from the air on the ciivets, 

" , de procedure: 

Pipet (using suction bulb) exactly 
6 ml of Dr«bkin-s solution into a cuvet. 

(2) D)mw well-mixed venous, or capil- 
lary blood exactly tb the 0.02 ml mark of a ' 



: calibrated Sahli ^pet/t^ bf a prpperly caU 
ihrated aiitO'dilutor is recommended, ; ' 
^ (3) Wipe the excess blood trom the 
outside of the pipet and acid the dbntents of 
the pipet to the cuvfet containing the Drab- 
.kin's solution* , - 

(4) Rinse the pipet several times /^ith 
the contents of the cuvet to assume' complete 
delivery of the blood sample. Mix weH and 

^ al]o%to stand at room temperature for 10 
minilFes. • . . • . ^ 

(5) At a wavelength of 540 nm, set the 
spectrophotometer to zero absorbance with 
the blank cuvet Thevblank contains 6 ml of 
f reshprabkin's solution. 

(6) Read and record the absorbance of 
the unkntiwnv^ ™_ 

e. Calculatloni, Obtain the grams hemo-. 
globin per drfro^n the calibration cui^^^ * 

: i\ Sources of Error: . * ' 

(IjUilnw^ of Sahli pi- 

^ pets reMltk in errors in accuracy and pre^. 

cision. • " ; 

(2) The spectrophotometer must be 
standardized accurately to ob^in valid re- 
: suits. • ■ V . * 

(8) Cuvets that are dirty, wet, 
scratched, or mismatched are sources of er- 
ror, ^ 

* (4) Lipemie blood produces turbidity 
iln sorution which can elevate results* 

(5) Heavy smokers, usually have re- 
sults 10 percent lowmv because of . the pres- 
ence of ^ carboxyher^globin. Cfarbpxyhemd- 
globin requires a full hour to be converted . 
to cyanm^themoglobin. 

(6) ^rabWn's solution deteriorates 
rapidly in lighl>4t^tfpuld be stdred in a 
dark brown bottte and refrigerated. 

; g, Disciission: ; ' 

(1), Precautions in the Use of Gyanide: • 
(a) Aljways fill pipeta wiith . suctidn 
bulbj and never by application of suction by 
mouth. Usk automatic dilutors to dispense 
Drabkin's solution whenever possible, ^ 
" / (b) Immediately clean up any spiHe^ 
Drabkin^F'TOiutioh with a wet cloth. Dispose'. 
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of the soWxidn ;with a wet : cloth; Dispoigiiot 
the solution by fluih^, iti\ down the ^^^^^ 
y^tiiw^hri .■: r -'- ::--'/^r^ ^. , 
r ' ;Ye) Stom'tirabkin's mgint ; Pallets 
or powder in a lockiid cab m ^ . 

/ (d). -Bx^^ care when pre- 

pBJcmg Drabkin's iolution* Thir iohitloif 1^ 
'poiapnous, Takt precautions to avoid getting; 
theniblution into the mouth and inhalliig the 
^finneB; ■ - ' ' ^ ' ^' v " •" ''\ ' 

(e) Antidotes for cyanide with out- 
lined procedaires for administratron Bhould 
be p03ted in a conspicuous plact in the lab- 
oratory. Speed in giving the antiSote treat- 
ment is essential. Below is a atigfested pro- 
Gedure which may be adopted: 

• Sumhion a doctorl but staH trt^ 
'\/ immediatetej; ; ;; 

4 Give amyi^trite by inhalation (break 
capsule ; hold under nose) , 

• Open window for/free circulation pf air; 

(2) Gyantnethemoglobin is the nidst 
staWe of . the various hiemoglobin pi^ents 
showing ho evidetice of deterioration after 

years of stpraf e in a ref rigeratori The 
availability of prepared standards^ is a 
distinct advantage of this technique. AH 
hemoglobin derivatives are converted to 
cyahmethemoglobin with the "exception" of 
aulfheiHoglobin, . . / ^ ^ 

(3) This method Is highly accurate and 
is the most direct analysis available for total 
hemin or hemoglobin iron. Its disadvantage 
is the use of cyanide compounds which, if 
handled carefully, should present little haz- 
ard. ■ ■ ; ; -. 

(4) For accuracy in hemoglobin deter- 
minations, it is absolutely necessary .that 
the spectrophotpmeter and,.Sahli pipets be 
accurately calibrated. 

(5) Venous samples give more constant 
values than capillary samples. ; ^ 

(6) If the procedure is performed prop- 
erly, the degree of accuracy is ±2 to 8%. 

\h. Normal Values: ^ 
; (1) Infants at birth: 1B^27 g hemo- 
globin.per dl, , 



' ; '(27 Ghilflhobdr 10-5 g hernpglobiri per 

■ ''dly," ;:^v';;vW./'^'':Vvr ; • ' . • 

/ (g) Adult fifties : 14^17 g hempglobin 

'■■ per=dL ; ^ " >'-^'/--=: .^^ - ;^ ' ^ ' ^ ' -./v ' 

r (4)^ Adult FemalW 12-i-16 s hernoglo^ 
bin per dL / / 

&^19;X!irtiCti0n^^^ and Non S 

Sie^ling' Hemoglobins i 

a; principle/. iSrs^hrocytes are introduced 
Into/a ^^^bsphate buff ^ splution contaimng 

/ a reducing agent and lytic agent The red 
eyls arfe lysed and the hemoglobin is re- 
duced. Bedu^^.sickling types of hemoglobin 
are Insoluble iii^phpsphate buffer and tur- 

^k^bidity results. On Addition of u^a hemoglo- 

l^ bin. S dissolves^ ; 

:=b. Reagents: / - / ^ 

(1) Stbck " Phosphate Buffer Solution. 

Dissolve grams anhydrous potassium 

dihydrogen photphate (KH,E04) , AR/ and 
28,88 grarife: aiAydrpus. potas^urii 4nonphy- 
drogen phosphate (KqHP04); AE in.a Witer 
volumetric flash cpritainiiig 500 ini of dis- 
tilled water Dilute to X^liter with ^istilled 
water., ■ . ' . • : = ^ - 
: (2) Dithlonite Reagent Add ^ 2Q.0 
grama dithioifite (Na.S.Ov - 2H,0), and 0.25 
grams saponirkto; a 106=ml volumetric flask, 
;%rAdd 80 ml of sttek^ phosphate buffer solu- 
f tion. Mi3yi?c^lL DiWte'td the niark with dis- 
tilled w^|i This reage remains stable un- 
der refrigm'aWona|JP^ O for apprpximately 
1 mon th/'WARNf^. Sodium aithidnite re- 
agent may Ignlt^^f allowed to become damp. 
Use only clean dry^ute^sils in handling. , 

(8) Urea (USP). | 

c. Procedure: 

(1) Pipet 2 mi of dithlonite reagent, in 
12 X 75 mm test tube, v 

(2) Add 0.02 rhl of well-mixed anti- 
coagulated blood (cpUected in EDTAj., 

(3) Mix the conJtents^and allw^ to 
\ stand at room teniperature for 5 minutes. 

' (4) After 6 jiilhutes t^aminfe the tube 
* for turbidity a^ihst^ lined reader (see fig- 
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POSimE NEGATIVE 
^ TEST ^ TEST 



Figure 5^7* Dithionite Tube Test 
Interpre^tation. 



ure 5-7). Hemoglobin S, if present, produces 
turbidity in the tube. 

• ' ' . • , y-- 

d. Sources of Error: \ 

(1) The use of 10 % 76 mm test tubes 
could cause a false negative result. 

(2) ^he dithionite reayent has a lim- 

. ited stability. The freshness of this reagent, 
miist be checked with positive and negative 
controls. The test should show the blue-pink 
color of reduced hemoglobin and adequate 
lysis of erythrocytes. : ' 

\ (3) Unstoppered tubes containing di- 
thionite reagent decompose when left out at 
room temperature. 

(4) False negative results cpuld occur 
if the blood sample for testing^ J s drawn 
within four months of transfusion.; 

e. Ditoission: ; 

( ll^ Hemoglobin S is an inherited type 



" of hemoglobin found In Negroii and to 
people from Miditerrariean areas, V 

T (Er Thf degrei of #rythrocyti sickling 
ii dependent on the concentration of hQmo= 
;globin, SS, SC, and ^SD cells sicklii more 
rapidly than AS cells, Newborns\with sickle 
cell anemia, have erythrocytes more resistant 
to sickling due to the presence of Hemoglobin 

Pi : 'V ^" v ' - ■ '■" ■ "■ . ' / 

(3) The dithionite test also detects 
other sickling types of hembglobln: Urea 
causes hembglobln S (find structural vari- 
ants of hemoglobin S) to dissolve, Other 
hemoglobins remain turbid in the presence 
of urea. 

^ jX4) JDhla te^ 

for hemoglobin S. All positive tests should 
be electrophoresed for confirmation - \ . ■ 

f . Iriterpretatiori, Hemoglobin S causes 
turbidity i ^ |Btobe. Hemoglobin A is solu= 
ble in the phospnati buffer, 

5-20, Demonstration of the Sickle Cell 
Phenoirienoiii ^ ^ 'k*^i* ' 

a. Principle, Erythrocytes of persons 
with sickle cell anemia or trait will assume 
^ sickle shape when the oxygen tension is 
lowered. This may be demonstrated by mix- 
ing a drop of blood with a reducing agent 
suchf as sodium metablsulflte, 

b. Eeagent. Sodiunu^etabisulflte, 2%. 
Add 2 g of sodium.mltabisulflte to a 100-ml 
volumetric flask, Dilut^to the piark with 
distilled water. This solytionj if stored at 
S^^or 4^ C remains effective for about 1 
week. ' 

, c. Procedure: * 

(1) place one drop of capillary (or 
vanous without anticoagulants) blood on a 
^ clean glass slide. 

{2) Add one or two drops of 2 percent 
aqueous sodium metablsulflte and mix. 

(8) Place a coverglass on the prepara- 
tion and express the excess blood by gently 
pressing the coverglass. The gentle pressure 
will product a film thin enough to permit 
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examination of individiial red cells;' It is ,ridt 
necessary to seal tKe preparation, 

/ (4) Ob^ve itniriey lately arid at inter- 
vals of 15 t^So rninutes after preparation, 
foraiggs of sickle cell infbrjnation*: 

. ^/Discussion* 

' (1) The^plcling phenomenon is a con-, 
sequence of .aia. inherited abnorniar^ of 
hemoglobih (n^tnoglobln S). The severity of 
the anemia as compared to the trait will 
vary with the proportion of defective to nor- 
mal hemogtobin; This ^abnormal hembglobin 
:can he identified electrpphoretically. ' ^ 

(2) When a fresh solution of sodium 
metabisulflte is used^ positive^ cases should 

-show 10 -to ^5 -percent -sl^Iin^ within^^^ l 
n^irlutes. There is. a-^ositive correlation be- 
tween the degree or ^klinjg' and the severity 
6f the disease. 

(8) Normal blood treated in.: this way 
/ shows no sickling* ■ . , - 

5-2L Hemoglobin Electrophoresis (Cellulose 
Acetate)^ . . 

a. . Principje, -Hemoglobin . fractions are 
separated by the rate of their protein migra- 
tion in an electrical medium. The fraction^ 
are stained with Ponceau S and quantitated 
on a densitometer. The order of mobility 
from the cathode' toward the anode is > 
A, > F > S-^D >C^A,. 

b. ^Reagents: ^ . v . . 

(1) TEB^BuflFer (pH 8.8). Dissolve 
16,5 g tris (hydroxymethyl) aminomethan 
(Tris), 1,56 g dlsodium ■ EDTA' and 0.92 

. g boric acid in 900 ml distilled water; dilute 
to 1 -liter and, mix, Stoi^e refrigerated in 

^polyethylene bottle. Discard when microbiS 
growth appears or the pH changes. 

\ (2) Sodium. Chloride ,Sdl\ition,. ^0.9%. 
Add 9 g of sodium chloride . (NaCl) to a 
1-liter flask. Dilute to l:-liter with distiHed 
water. ^ ^ . 

(3) FixativefDye Sohifion. Dissdlve 
0,2 g of Ponceau S, 3»0 g of trichloroacetic 
acid* and 3,0 g of sulfosalicylic acid in 100 
nil of distlllediwater. 



(4) Acetic Acid,;5^rDiluttf 50 ml ol 
glacial acetic -acid to 1-liter \vith^ distilTed 
w^ater. Mix well: and store iii^ : a glasi-; 
stoppered bottle. = \ 

(5) Clearing Solution (25%; Cyciohex= 
anone) . Dilute l&.B ml cyclphexanone to 
.60 ml. with . methanol r mix; Prepare fresh 
dally. = ' • ' 

(6) Chloroform3 AR, 

c. Preparation of Hemolysate: . 

(1) Place 5 ml of blood into.. a tube 
containing an anticoagulant. 

' (2) Centrifuge and remove the plasma. 

(8) Wash; four times with O\d fo m-. 
-diuM chloride* - -= - : _ 

<4) Centrifuge, remove flnal wash, 
freeze 1 hour (keep, frozen if specimen is 
to be analyzed at a later time), thaw, and 
add an .equal amount of TEB buflfer. Mix\ 
weik ^ ; 

(5) Xet stand for IB minutes :at room 
temperature. Centrifuge at medium speed 
for 1€ minutes** Transfer supernate to an- 

^other fribe; discard precipitate. ' .\ . 

(6) Add an equal volume of chloro- 
form, shake vigorously fori minute, and 
centrifuge. . . 

(ft) Decant p the supernate. .Determine 
the hemoglobiri concentration of the hemo- 
lysate. ' ■ ^ . . . ^ 

(8) Adjusti to a value of 7 g hemo- 
globin per dl using an appropriate quantity 
of distilled water.= The amount of distilled 
water to add to 1.0 ml of hemolysate is 
determined by the forniula: \ : \ 



ml Distilled water required ^ 
Cone, of original hemo l yiat a 



d. Procedure: . ^ 

(1 ) J^l the cell with TEB buffer. V ; - 
•(2) Soak the cenulose acetate mem' 
braneMn a tray of TEB buffer for 10 min- 
utes^ Gently blot the nriembrane to^ wipe 
off excess buffer. 

. (3) Piace the membrane on^ the cell 
accordijig to manufacturer's instructions. 



iitti a razor 



the membrane from'th^; plale 
blade, 

. (II) Scan and integr^e the area on a 
densitdmetef, (Follow the . mamifacturerfi 
ihstructions for the operation of a densitom- 
eter.) Examples of scans are shown in figure 

.,(12) Report the Kemoglobin gehbtype 
(AA, AS, 4C, SS, CS^ or'CC) ajid the 
perQ©iit,\A^ to the nearest tenth .percent 
An alkali deriaturation test -is also 



. (4) Apply ;th^ unknown and contr^ 
hemolysatea to thi cathode side of the meri^ 
hrane/' ■ , ■ ^ ;." • ;'^p '' 

/ (5) Electrophorese for 50 minutes at 
. 375 yblts. ^ J ' \- M 

(6) Immediately remove the ,inem= 
brane from the celF and transfer to a itafn- 
ing tray containing 50 ml of flxative-dye 
solutionv Stain for 10 nairiutes/ ^ ^ 

(7) Rinse the rnembi^ane in three suc-^ 

cessive washes of B% acetic acid. Drain^Bl^^ ^ j n • j ^ j. i i 

1, . . , ^ ^ ; "^Bperformed on all specimens and fetal heme- 
against the mside wall of the W^^^t , . -i^^;^^ . , ^ ^ , 
" V - . .gipbin reported. On all speciinens migratmg 

•on Si a dithiphile test is performed to rule. 

out the possibility of its being a The 

^dithionfte test'is not rfipori^ the re^ 

suits are inconsiBtent with 

e. Galculationsr - ' 

(1). Estimate the number of square 
millimeters for each fractionJ-Tbtalvthe' in- 
dividual awa.; / :/ ' / = \ 

; ( 2 ) ; Calculate ' relative ! quantities of c 
each, fraction as follows: / ■ ' 



excess 

tray; ' '. 

(B) Place a glass plate in a tray con- 
taining clearing solutioh. Transfer^ the 
, ffiemBrane tST th j^lclearing' solutt6SL"T5r 1 
minute. Agitate gently during clearing. / 

(9) Remove the glass plate from the 
clearing solution with the membrane po= 
sitioned on the glass plate. Drain any clear- 
ing solution from the membrane and re= 
move any air bubbles by squeezing. Dry 
the membrane at approximately 100? C for 
10-15 minutes* , 
. (10) Remove the plate from the pven 
and allow to^ cool; Place the plate . in a 
humidity chamber for 30 minutes. Remove 



f action area 
[ Total area 

?f. Sources of Error: . ^ . " 

(1) A heavy application of hemolysate 




NORMAl , 

Figure 5*8. Hemoglobin Electrophoretic Scans, 
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* SICKLE GEL I ANEMIA 



causei'a thicl iltrt p^trn afitr 

itainlngL Such a pattern must be rtpiatad. 

(2) Haiidling the cellulose ; acftate 
membranf .with the hands -interferei with 
the electrophoretic pattern^ 'Always handle 
,the membrane wth tweezers, w 

* (8) Some acetate , membranes have de- 
fects, if any membranes are defectlye, dis- 
card the entire lot/ . 

g. Discussion: ''^ . ^ 

(1) As hemoglbbin mip'ates . Identi- 
cally to hemoglobin C* They are distin- 
guished by the quantity present. If this band 
is 40^ or more of the total hemoglobin, 
"it is Ap hemoglobin should always be 

(2) Two I slow-ngoving, nonhemoglobin 
components aJ^ seen using this technique. 
These fraction! i ^re carbonic • aLnHydrases^^ I 
an^ n (CAi an i CAn). . # 

(3) Hemoglobin Aa is elevated in thali 
assemia minor* f - ^ 

. (4) Genotypfe SS is found in ^tieijts 
with, sickle cell anemia. . . % 

(Bf Genotype AS is found in patients 
with sickle cell tjeait. - 

(6) Jhis method separated hemoglobin 
As in the presence of hemoglobin S in 

'patients manifesting sickle-thalasiemi a dis- 
ease. •• - ■ . - ■.- .. - 

(7) Hemoglobin F Is quan^ated by 
the alkali denaturatibn test becauSie it mi- 
grates close to the hemoglobin Ai fraction 
oh the electrophbretic pattern. 

(8) Include knowfa Av?^S^ and 0 .cofi- 
trols In each analysis. ' / , 

h. Normal Values: \ 
u / (1) AaHemoglobim 1.5— 8.4^. \ 

: (2) Genotype: AA. ^ 

(3) F Hemoglobin: 0—2% (except in 
infants). 

' \ / ■ V \ : ^ -t ■ 

&-22« Fet^l Remoglobiii (Alkali 'Denatura- 
tlon T^st): 

a. Principle. Fetal hemoglobin^: (HbF) is 
iriore xesistant to denaturatioi^ ^ alkaline 
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idlution than adult hemoglobin (HbA)* AU 
kaU converts HbA to alkalme hematin. Al» 
kalirte hematin is insoluble iffiB precipitates. 
HbF is quantitated by meastiWng the hemo- 
globin concentration before knd after de- 
'naturatlon, 

b. Reagents I / ' . 

(1) Drabkin's Reagent. See para^aph 
&-18b(l). ^ \^ 

m Sodium Hydroxide (t^OH) 0^10 
N. Pllnte 6 J5 ml 'saturated NadH to 1- 
liter, with distilled water. Mix well and 
store in a polyethylene bottle at room tem- 
perature. . 

(8) Ammonium Sulfate Saturated. 
' Add ^^d^'g^anmMIi^^ 
nqil of distilled water. Stir mechanically for 
10 minutes. Heat until all the salt has dis- 
solved and filter rapidly ^ through a What- 
man #1 ^tier paper. Store In a polyethyl- 
ene bottle.. V V ' 

c. Prepa:ratIon of HemoTySate. See para- 
graph 5-21c. , ; ^ ; f 

d. Procedure' - . 
^ (1) Dilute 0.2 ml of hemplysate with^ 
1.8 ml of Drabkln'i reagent and mi% gently. ' 

(2) Place 2.5 ml of 0.1 N NaOH In a 
is X 100 mm test tube. At ^ero time, add 
0.5 ml of diluted hemolysate, and mix 
rapidly. ' ■ . ' : 

(8) Exactly 2 minutea after addltlori 
of the hemolysate, add 2.0 ml of saturated 
ammonium sulfate. Mix by Inverting six 
times. DO NOT SHAKE I ■ 

X4) Filter through a 7 or 9 cm What- 
man #42 filter paper. If the filtrate Is riot 
crystal clear* filter again. This Is the fetal 
hembglobin solution, . • - 

, (5) Prepare a= total hemoglobin solli- 
tion by adding 0.05 ml of dlMed hemolysate 
to. 5.0 ml distilled water. Mix wall by Inver- 
sion. DO NOT SHAKE t 

(6) Prepare a fetal hemoglobin blanks- 
by adding 0.5 ml of ^Drabkin-g reagent to 
4.6 ml, of distilled water. Mix &s above. 

(7) Prepare a total hemoglobin con- 
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irol by idding O.OB ml of Drabkin/s Magent 
. to 5.0 ml of dlitiliid water/ Mix p above.- 

(8) Measure ^the abaorbances of the 
fatal and total hemoglbbii^soluti OT g against 
the appfopriatf blahfts. . ^ . 

e. Galculationst , , ^ 

Abjorbanae fetal hiiriDg lobin ioltttion 
AbiOrbaiice tbtal hemoflobin iolution. ^ 10 :: 
n r % f etar^ bemoflobiri 

Report % to nearist tenth (0.1)* 

f. Sources of Error: 

(i) If tlie hemoglobin concentration 
of the .hemolysate is leis thart 5 g per dlV " 
the seniitivity of the procedure is decreaaed* 

"^"^(S^^^Pod 

. aigniflcant error due to the small yoluines 
involved. , 

(3) Ijf the absorbance of' the fetal 
hemoglobin solution is greater thyp 0.700* 
dilute 1.0 ml of iiie= fetal hwnoglob^ 
tion witk 9.0 ml diatilled water;' Rea;d the . 
absorbance agaiiijt the total hemoglobin 
blank Multiply tfie calculated resuft by 10:. ^ 

g. Discussion: * ■ 

(1) The alkali denaturation test can 
be performed oh bloody rectal discharges 
from infants. This test is used to deter? v 
mine whether the discharge is dufe to in- 
gestedl maternal blood or a gastrointestinal 
lesion. The procedure 15 as tollowa: y 

(a) Add a small amount of blotidy 
discharge to 10 ml of dJstilled water. . 

(b) ^dd 0.2 ml ia% sodium hyd^ 
idesolution. ^ 

tc) If the solution turns pink, it is 
fetal bloodr A muddy Jbrown solution -indi- 
cates biood of ma tern^^l origin* 

(2) Fetal hemoglobin constitutes" ap« 
proximately 80^ of a newbqjn rnfatit's 
hemoglobin. This decreases to approxi- 
matily 5% at six months/ 

' (3)/ Fetal hemoglobin is increased in 
adults with thalassemia major and minor, 
hereditary persistence of HbF, erythroleu- * 
kemiaj aplastic anemia, and sphtrocjrtosis. 



h* NormarValufsr ^ ^ . ^ 
(1) Infants (less ^than B mionths): up^ 

toao%. . ' ' / Vv-^ -^^^ ' • ■ 

: " ; (2) AdultsrO— 2%V ' / : \ ' 

SECTION E^EXAMINATION OF BLOOD 
SMEAHSv . . 

^5-23^ Introductloni : 

a. The critical examination of a blood 
smear includes the followingi quantitative 
and qualitative study of platelets, differen- 
tial epurit quantitatlng the. three types of 
leukocytes (granulocytes, lymphocytes, 
monocytes 'and morphological character- 

"^stici of i^ythrec^es an^ 
ing the blood smears is a critical part of 
the examination. The procedure for stain- 
ing is described in chapter 8* To accurately 
perfprm the differential count it is neces- 
sary for a technician to recognise all the\ 
characteristics of normal "blqod cells. This 
includes normal biological variation. For 
instance, not every lymphocyte . Is exactly 
the same sizej nor do all lymphocytes have 
exactly the same number azurophilic gran- 
ules. \ ^ ^ V' 

b. Certain morphological and histochem- 
ical characteristics are utilized to different 
Wate blood cells. A review of the signiflcant 
features promotes a better understanding 
of blood differentialSp Cellular charactaris- 
tics such as/relative size, shapej eytpplasmic 
granulation,* nuclear-cytoplasmic ratio», nu= 
cleat conftguratiorij chromatin or nucleoli 
are very important. These features are dis* 
cussed in chapter 4. - 

c. Experience is the foremost teacher in 
hematology. It la readily acquired in a busy 
hematology sectiori where the opportunity 
for differential analysis occurs frequently* 
Experience can be diversified And inter est= 
ing if proflciency slides and material from 
cases of conflmied diagnoses are maihtained. 
as study sets, this study material should 
be available to all teehnicians in the labo- 
ratory. \ ' '.. ' ^ ^ , . _ 

d* All routine blood smears should be 
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fcenfe: until . the , physicians have rf^e^i^^ 
thwfeifffrentiai: reports.; -A -l^^efe^^ 
is usually adequate. ; dfecaslonally, a review 
of a speciflc problem ilide reiults In findings 
'which wei^e not originally apparent and 
reinforces conftderice In the JaboratoryYby 
the medical staff. This priLctlce also aflds 
to the experience' ^d proflciency of wie 
tecffliician, : ' 




5-24. Examination of Peripheral 
Smears; 



Blood 



a. Principle. The stained blood smear 
permits th^ study of the appearance and the 
identiflcatipn of the different kinds of liu- 
;kdcytes, and " the appearance * of ^erythrocytes p 
and thrombocytes (^lood platelets). 

b. Differential Leukocyte Count: . 

(1) Inspect the smear under low power 
magnification. Locate the thin end of the 
smear where there is . nq^ pyerlapping /of 
erythrocytes, i - 

(2) Switch* to oil Immersibn. Identify 
and count 100 consecutive leukocytes and 
record each cell type separately on the dif- 
ferential counter. Begin at the thin end of 
the smear and count the white cells ob- 
served as the slide Ai moved in a . vertical 
direction, 'When near the edges of the 
smear, ; move thj^^^sllde horizontally for a 
distance of about two ^fields, then proceed 
vertically back across the smear. See flgilre 
5=9. Continue this "snake-Hke*' movement 
until 100 leukpcytes have been counted and 
ciassifled. . ' 

(3) If the WBC .count is between 
20,000 and 50,000 .per cu mm . of blood,- 
count and classify 300 leukocytes.' When the 
count is greater than 50,000 per cu '^m of 
bl0od,; count and classify 500 Itukocytes. 

(4) The number of each type of leu- 
kocyte Is expressed as a percent of the total 
number of white . cells counted. Absolute 



Figure 5-9. Examination of Peripheral 
Blood Smeari. > 

values may be calculated by multiplying the 
percent value by the total leukocytic count. 

; ^ c. Erythrocyte Morphology: ^ . ; 



. (1) Study the erythrocytes and report 
any evidence of rouleaux formation or signs 
of immaturity. _ 

(2) Report the erythrocyte morphoU 
bgy with reference to size, shape, stftjiig 
jcharacteristics, and; inclusions.' Report the 
degree of the speciflc morphological chOT- 
actsrlstic; (for example, moderate hypo- 
chromia). ^ 

(8) If nucleated ._ erythrocytes are 
found (usually these are metarubricytes), 
report the ' number per 100 leukocytes 
counted. 

d. Qualitative Platelet Evaluation: 

(1) Observe the thrombocytes In sev- 
eral oil igimersion fields to obtain a rough, 
estimation of their numbers (normal, in- 

'creased, or decreased). Normal is an aver-, 
age of 4-6 per oil immersion field.^ 

(2) Note any abnormality in morphoU 
0^ (giant platelets, ;etc). If the thrombo- 
cytes appear to be significantly decreased, 
a fobrhbocyte count and/or a clot retrac- 
tion test may be indicated. ^ 

e. discussion: ^ ^ 
(1) All abnormal white cells (for ex- 
ample, immature^ hypersegmented,. toxic,. 
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atypical lymRhb^ ttc*) shoulfl be clasv 
sififed or^described and report percent, 
separately; Cells . that are ruptured^ foa^ 
meiited, or degeilerated are sot included 
in^the 4ifftr«ntial courit; but should, be noted 
? separately and reported as theihumber seen 
per id^Jeukbcytfs. ^^g; ? ^ ^ . 

J' V(2) ,vi^w of the gradual . transition 
from the metamyeioeyte to the band neu-* 
trophil and thin-tp thi segniented neutro- 
phil^ exact elassifle^tion is so^metlmes diffl^ 
cult. In such.cas^Sj glasiify the cell according 
toihemo^e niature form. ' ' v: 

(8) Siza considerations in differeiii 
^ ating bipod ^ cells reiqLui^t*.a defined line 
-;stahdai*d^^ Thetmicro^ 
used in referettce to rhicroscopic dimensions.. 
Ocular «iicrometers are available /through 
■■ Federal medical supply /channels airt are 
easUy calibrated,- usihg hemacytometer 
. which has itjandardiMd dlitffenslons. In rou- 
tine screening of blood smears, an experi- 
enced (echhician relates the size of a normp- 
cytlc erythrocyte (f even to. eight microns) 
to the sizei of the white cell to be differen- 
tiated, since frythrocytes' are usually pres- 
ent throughout the micrdscopic field. Fl- 
nallyixij^shouid be understood that persdnal 
visual discrimination is an inaccuratfe gauge 
of linear measure. Some •reference measure 
should be employed^ . 

(4) The shape of bloo'd cells often de- 
pends,/ upon the smear and staining tech- 
nique. Variations that hqve^no clinical sig^ 
nificance. occur from physical and .chemical 
distortion that result from technical error. 
These variy^tions^ are avoided with careful 
technique. ' Each routine smear should be 
Scanned initially to evaluate the smear and 
stajh quality before differential analysis. 

(5,) Cytoplasmic . granulation— neu- 
trophilic, basophilic' or eosinophilic— is an 
important morphological Observation. Dif- 
ferences in granule color in Wright-stained 
preparatlQns are caused by the variable dye 
affinity of specific granules. The intensity 
of colors and the relafive blueness or redness 
of the erythrocytes is used to evaluate the 
quality of "thr stain. The familiar baso^ 



: phllic (blue), eosinophilic (red), ^and neu- 

- trdphilic (pink) granules are quite obvidiis^ 
in routine Tbloqd smears. The presence, ab- 
sence, type, anifl quantity' of granules are" 
characteristic attribute s used to differen- 
tiate leukocytes. V 

(6) The size ratio of nucleus to cyto- 
plasm (N:C) is a differentiating "chara.c- 
teristic. For instance, a^ceH with a nuclear 
nia|S equal to the cytoplasmic mass would 
have an NiC^ ratio of 1:1. The total ' cell 
mass is usually greater in the more Imma- 

^ ture cells and decrtoses as the cell matures. 
The nuclear mass usually deereases also as ; 
the cell matures. Of' course, lymphocytes '^ 
are the exception to:thi#gen«'alltyr-Y 

(7) The nuclear configurations of leu- 
kocytes help distinguish these cells. Round, 
oval indented,; ; band, -or segmented are 
terms used to describe variations in shape. 
These normal configurations can be dis- 

- torted ; by phyiieal and ^hemical factors. 
Some of the leukocytes are so fragile that 
in thick blood smears their normal config- 
uration /may be distorted by flie pressure 
of erythrocytes forced against them. These 
artifacts should be recognized as such in ■ 
an intelligent evaluation of blood differen- 
tials. - / \ 

(8) In addition to nuclear shap# and 
size, the internal nuclear mprphplogy shows 
difrerehtial inclusions. The chromatin ap- 
pears .finely reticulated In some cells, or as . 
a coarse network, o^p^ven clumped, in oth- 
ers. The parachromatln, a lighter staining 
material beside the chromatin, is s^ant" or 
abundant. The appearance of the chromatin 
and. the quality, of parachromatin are uti- 
lized to differentiate blood cells. The" pres- 
ence, absence, and number of. nucleoli in 
the nucleus are^ the most distinctive char- 
acteristics of immature nuclei in blood cells. 

, (9) All abnormal blood smears should 
be rtamined by another trained, person for 
confirmation of the results. * 

f. Normal Differential Values: 
3'(1) Neutrophilic metamyelocytes: 0- 



_ itp) lireutrdphilic bMds! 3^5%^ 
■ ' A (S> Segmented neUtrbphilB; 

^ (4) .Eoiinophlls:2-4^. \V \ , 

. (5) Basophils: 0-1%.- 

V - ( ; \ . V 

■ . (7) Monocytes: 2-^6%: ^ ; 

5-25, Examlnaiion of Blood Marrow Smiarsi 

a. Principle. Nucleated blood eells . are 
counted and classified from a bone marrow 
sftiear stainied with Mpdifled Wrifht*s stain, 

. b. Procedurer ; ^ 

(1) Using oil immersion magniflca-; 
^-:rtion-count^and classify- ^6^00 nucleated 
' f cflls. - ' ■ ^^ 

'S (2) Qlassify all blood cells accordmg 
^lAq cell ty^e and. varloui stages of matura- 
^tion. . ; ^ ^ ; 

' (3) Calctiiate myeloid-erythroid ptio 
by dividing ttie numBir of nucleated j^Sth^ 
tes Into the number of* gr Anulodytip 
peloid) cells* _ ^ 
(4) A peripheral blooapPaluation us- 
. ialiy accompanies the bon^ marrow: reports. 
This evaluation usually includes an erythro^ 
cyte count/ laukocyte count, differential 
count, ^hemogiobin, hematocrit and a retic- 
ulocyte cQunt. 

/c. Discussion: , < 

(1) The di^erential cell count ;on a 
bone, marrow smear is carried out by a 
hematologist, pathologist, or trained tech- 
— nician. 

- (2)' Since interpretation of flndings in . 
bon^ marrow examinations is very dlfflcult, ■ 
it is of utmost importance that the smears 
and stains are carefully prepared u^ng 
scrupulously clean equipment. 

- , (3) The laboratory .teehnician is us^ 
ually respohsible for preparing bone mar- 
TOW smears, staining the smears, checking 
the quality of the stained srnear^ arid cover- 
slipping the slides. : .. ^ / * ^ 

d. Normal Values: : ; 
. il) Leukocytes: _ ■ " ; : 
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(a) Myeloblasts: 0--^5^;, 
. (b) Pror&yelocytes: 2^8^. - - 
; " (e). Neutrophilic myelocytes^= = - '^ 



4-^16%, 
5^20% 



7-80% 



(d) N'eutrophilic metamyelocytes i 

(e) Neutrophilic bands: 1Q^5%. 

(f) Neutrophilic segmented dells: 

(g) Bosinophflic All^ 1-^%^ * 
' ' (h) BasophiHc cells: 0-1^* 

(i) I^ymphocyfts: 5^15%:' 
. (j)' Monocytes: O-B'^Jo^ ^ , 
. (k) Plasniocytes: 0-1%,^ 

(2) Er^tiSfocytes: ^ ' ' 
^ ; (a) Rubriblasts: 0-1%. 

(b) Prorubricytes: 1^% ; ' - * 

(c) Rubricytes: S-lp^. 

' ■ (d) Mefarubrlcytesi:M5% . . 

(3) Mg^aryocytes: 0--S%. ^ ; 
<4) Myeloid-^Erythroid Ratio (MiE) : 

8-4 fi. ■ ' ^ . 

SECTION ERYTHROCYTE INWCES 
^AND FRAGILITY TESTS 

5-26i Erythrocyte Indices: 

a> Principle, By uiing accurately deter- 
mined red blood cell counts, henioglobin and 
hematocrit valuetj the size and hemoglobin 
content of the average red' cell in a gi^en 
blood sample is calculated. The values ob-' 
tained are the erythrocyte indices and aid 
in the classification and study of anemias. 

V b. Calculation of Erythrocyte Indices, 

(1) Mean Corpuscular Volume (MCy) . 
^The average volume of the Individual r^ 
blood cell. «^ 

■ m^^^^^.^^ ^ cubic microni ' 
Bed cell count (m muliani) 

Example- HematDcrit 45 parqent 

Red count 5»000,000 per cu mm 

5^0 ^ cubic microns (norrnal) 

(2) Mean Corpuscular Hemoglobin 
(MCH)— The average weight of hemoglobin 
of the individual red cell. 
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Henioflobin (gm T?gr d! ) ^ 10 > ' ^ . 

Enmiite' Henieg^fobm 15 per dl 

■ ^ Red ieunt ^ 4,000.000 per cu mm 

^~"~g"Q~"f« BO micromicrogrami (nprnial) 

isy Gprpuacular Hemoglobln^^ 

Coneantraflon (MdH^ percent 'of 

■hemoglpbin In the average red ceft. 

Himo^lDbin (ftn^ jpf dl) K IQO > r 

^ Hsmatocfirlpwfent) ^ percent ^ , 

Example: . Hatnoglobln IB f per dl 

Hems&crit 41 percent . 

15 ^100 _ . « 

"7^^-^— " ^ 83 percent (normal) 
c, DiscuisionL , : 

tions of Hemioglobinj^hemato and evyih- 
rocyte count insure reliable indices. The 
following prbcedureB are reco 
1^ (a) Erythrocyte count— two sepa- 
rate pipets and 2-4 counting chamberi or 
electronie cell counting;. : ^ 

0) Hemoglobin— predse reagOT 
standarlds and accurate instalment callbra- 
^ tionr . : ; ' ' . \ \ , 

fci) Hfimatocrit— Wintrpbe, centri- 
fuge at 8*000 rpm for 55 minutes. 

(2) It is useful to compare the cal- 
culated indices with a stained plriphefal 
blood smear, - ^ 

(8) Wintrobe clasaified anemias into 
the following groups on the basis of the 



indices: 








AneiniCL . 


Mcy . 




. M€ffC 




. 95^160 






Mictocytie 


72^79 


2J^4 


24-36 


Microcytic Hypochromic 50^79 






Norwobytic ' 


^ 80-94 







(4) The MflHC cannot exceed thi Wr- 
mal . value, sihce the erythrocyte cannot be 
supersaturated with hemoglobin. The MCHC.^ 
is the mo^t Valid of the indices since it does 
not require the erythrocyte count in its deri- 
vation. It is a good index of iron deflciency. 

(5) The MCv'and MOH are mcreased 
at birth and fall to low values during child- 
hop4 The MjEHC la fairly constant for alj 

ages; . = ' ^ .» ]. ' 



d,; Normal Valuesr . v ; ' ^ 

"^ (i) Mean Corpuscular Volume: 82-92 
cubi;c wicrons, ^ 

(i) Mean- Corpirscular Hfemoglbbinr 
27=81 micrbmicrograms* ^ 

(8) Mean Corpuicular Henipglobin 
Concentration: 32^36^; - 

,^27* Erythrbcyte .Osmotic fragility Test 
(Dacip): 

a. Principle., A speclfld amount of blood 
is introduced into a/seriei of tubes con-, 
talning diflFirent cbricentrations of buffered 
salt soUttions. The ability of the erythroc3^es 
to i*esist hemolysisnn; such s^^^ 
termined spectrophotpmetncally mi the. 
basis of free hemoglobin present, > 

.b: Bfeagents: . ^ ^ 

; (1) Buffered Saline (EquivaJent to 
10^^ NaCI); Add 180 'g of dry sodium 
chloride (NaCI)^ 27,81 g mono»hydrogen 
sodium phosphate ; (Na^HEO,), ahd^ 4:86 
dlhydrogen sodium phosphate (NaHiPO*) 
to a 2rHter vplumetric flask. Dilute to the 
mark with distilled water. 

' (2) Working Solution (1% NaCl). 

Add 10 ml of the buffered saline to a 100-ml 

volumetric iflask. Dilute to the mark, with 

distilled water. \ " _ 

^ . ■' ■ . ^ • 'y . 

c. Prbcedure^ 

(1) Set up two series of 12 tUbea^in a 
rack; iabel on# series PATIENT and the 



other CONTROL. 


^ 


J- ' 


(2) 


Setj^tW 


sfollowing dil 


utions: 


Tube 




DiBtilled \ 


NaCl 


Number 




Water 


Coneentrati 


I ' 


4.25 ml 


0.76 ml - 




2 


3.75 ml . 


' L25 ml' 




3 ■ 


3.25 ml 


' 145 ml 


0.65% : 


4 


3.00 ml 


2.00 ml 


^' 0.60% 


5 


2,75 ml 


2.25 ml 


. 0M% 


6 


2J0 ml 


2 JO ml 


o;50% . 




2,2^ mf 


2,76 ml f 


0.45 % 




2.00 ml 


3.00 ml 


. 0.409^fl 


9 


-1,76 ml 


a.25 ml 


0.36% 


■ 10 


1.50 ml ^ 


3,50 ml. 


Oi80% -. 


11 ' 


i;00 ml 


4.00 ml 


0.20% 


12' 


OJO ml 


4.60 ml 


0.10% 
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(3) Draw 5 ml of fen oui blood from 
e patiefit and* deliver Into a tube contain- 

ii)g heparin, . v.^^. : 

(4) pipef 0.05 ml blobd into each tube 

Qf the PATIENT lerifes, Mix mimedlately.: 
.. ■ . ' - ' ^ ' ■ ' 

:, t5) Similarly coUec^ 5 ml of ^ venous 
blood froni a normal indiyUual and deliver 
into a tube containing heparin.- Ptpet O.OB 
ml of blood into each ^b^Qf the CONTROL 
series. Mix littm V . [ ■ -i^ ' ^ 

(6) Allow the .tubes td^atand afr room 
temperature for SO minutes.^ ^ 

(7) Mix aj^ain and centrifuge at 2,000' 
rpm for 5 minutes. v . ^ 

(8) Trtosfer the supernatfs 

and read at 548 nm using tube numbQi' 1 as 
a blank and number 12 as 100% hemolyais. 

(9) Read and record the absorbances^ 
for eaclf tube of thg CONTROL ^series and 
feach tube of the PATIENT series." - . : ' 

(10) Calculate the percent hemolysis at 
eiach salt concentration for both series of. 
tuDes. ■ 

Xil) Plot the curves of the patient's and 
contrors dstnotic. fragility; uiing^ the percent 
hemolysis as the vertical ordinate' and; the 
salt concentratioh as the^ horizontal abscissa 
(see figure 5-9 for an eKaimple curve) 

d. Calculation: \ > 

Abeorba^iea of s particUifir tube 



% Hemolysis^ 



Abiorbanci of tube 12 



K 100 



e. Sources of Error: . . 

(1) The concentration of the NaGl In 
the. soltitions is critical. The salt niust be 
chemically pure and. dried before weighing. 
It is arlvisabre tq^dry the sait in a 100° C 
oven and store, it in a desiccator: Store the^ 
NaCl sblutidns in,:a glkss -stoppered tightly 
sealed bottle. ' ; ^ . . 

^ t Inaccurate preparation of the .dilu- 
tions 'Aii.^es inaccurate results. 

'(3). Maintain the pH of the solution at 
an intervqJ of 7.35-=7.50^ A . diflei^ent ,pH 
range causes invalid results. . . * ; 



" <" (4). Rbu^ handling of the blood spa 
men causes hemolysis which leads to inv^^^ 
results." , ' \: ' ; - 

f. Discussion: , '. . ' 
(1) In 'hypotonic ^It sdlutions, erytli^^^ 

rocyteft take up water, swell to a ^eroldt 
shape arijd ,burst:> In Congenital spHerocytie 

Unemla the red ceIls,witHMefectlve stru^ure^ 
more readily rupture at /salt. ^ohcentrati^^^ 
closer to Isotomclty (pJ& percent)^ These 
5plls thus show an increased osm^ic fragy- 
Ity. In contrast, the flat or thin but 6ther= 
%vise normal red cejls of hypochromic anemia 
show a decreased bsniotie fragility and do 

-liot- hemolyife-'^untilHlow^ 

i tionsare reached^, ^ 

' (2) When hemolysis begins beyond the 
range of the- prepared soliVtions o "^en in- 
termediate diliitiphs are desired/^ addi- 
tional yifutiohs are readily prepare^ using 
the 1 percent .sodium chlofide stock sol uti on. 

(S) In case^ where^ the results W the 
fragility test are, borderlifte,\tHe ^olfpwing 
procedure is recommended to enhance any 

'^latent abnorifiaHty in fragility: Incubate 
samples of dSflbrinated blood (control and 
patienftfs) at; 37^ C for 24 hwrs under 
sterile conditibhs, and conf rolled pH (7.35^: 
7,50). The test is then performed; as de- 
scribed aboye. ; 

. (4) Decreases in pH^ncrease osmotic 
fragility. The reagihts are buflfered t© main- 
tain a constant t>H of 7.85^7.50. . \ ; " 

,(5) This test may^also be run visually,; 

■ with somie sacrifice of accuracy^ by gLllowing 
the blood-saline dilutions to stand at. 20^ ' 
for 45 minutes. The tubes are then lightly 
centrifuged (1,000 rpm for 3. minutes) and 
observed for signs of initial and complete 
hemolysis. ; A slight pink' coloration^ of the 
superhatant fluid indicates initial herri^Iysis 
and a clear red solution, free of sediment, 
indicates cpiTiplete, hemolysis.; The salt con-.^ 

. centrations in these^^two tuftes are noted 
and recorded. The control should always b^ 

" reported alpng with^results qf patient's tubes.. 

_ - ■ -i'.- ' ' * ' ^ . . ■ 

g. Normal Values: ' _ ■ ; . 
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0.80 ' 0,i| 



Figure 5-l6. Erythrocyte Osmotic Fragility Curve. 



(1) 0.80% Saline: 97=100% hemolysis. 
-. (2) 0.35% Saline: 90=99% hemolysis. 

(3) 040^ Saline: 50=95% hemolysis. 

(4) 0.45% Saline: 4=46% hemolysis. ^ 

(5) 0.50% Saline: 0^6% hemolysis. 
(60 0.55% Saline: 0% hemolysis. ^ 

Ham/ Test for Erythrocyte FragilityV 

a. Principle. This test is positive in par- 
oxysmal nocturnal hemoglobinuria (PNH). 



Erythrocytes in this form of anemia\lyse 
easily in slight variations in the pH''(acid). 
In this test, the. erythrocytes are subjected 
to pH values ranging froni 6.5 to 7.^ at 
37°C. ... ' / ■ \ 

b. Reagents: 

(1) Hydrochloric Acid/ 0.33 N. Add 29 
ml concentrated HCl tff a lOO-ml yolumetric 
flask. Dilute,to the mark with disWlled water. 
Mix. 

(2) Sodium ChloridejSplutjon (Saline),- 
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to the mark 



V 0^9^lj Add S trams iodiumj chloride to a 1-^ 

I wth distilled water^ 

*^ ^ .c* Proceduri* ( . - - " 

\ ll) Careilly^ withdri#^^^ 
V "^-^ate ttO ml^f irenous blood^f rom the patient,^ 

[a*) CarejSully mthdrkw* and defl^ 
nata ilO mi-ofj vferious'bldod froM 
MndiYiduW. i ^ 

f ; ■Vi<3) CentHfuge both ^ 
at i,p00 rpm fbr lO mjnu^ei, 

1 i<4) aepiw^ate seruna aiid ceHs. ^ 



■^.H^jT^ spherocyj 



blood specimwii 



jic . ariimia 

is suspecba, ihe i"^^ should ^e, repeatedj 
Uiling^acidifled tseri^ 
''■at56rC^8^ if - ^ 

of ^J^H require 
^^hplementt f h^ the 'rfipdifled test 

• fit^ abbve^ ^iil .^e Vriegatiii^i *in PNH/ 
and will remain positive in spherbey^ 

4 Jnterpretati^^^ Hemolysis in the acidi- 
flea tube k indicsitiv^ p^^okysmal noc- 
twiiml hemogfobiriuria. V ; ; * [ : 

-29. General irif ornwtion i ' ■ . 



ribrmal salfne^ then pFepaife a 5 .percerit sus- 
pension of ceHs in nornial jaline* ; - 

^ (6) Measure 1.0 ml i of the 6 percent^ r a-' Persons havingr.Iupiis* erythematosus, 
test cells jntp each voif 4 Jtub^s, Reptet ;th^ pna of the **coHagen^* diseases, have an ab- 
for the controi-normar specimen. v ^ iibrmal: plasma /protein which causes .swell- 

^ (7) Acidify 1.9 irir 6|f : serum by addin j 
0,1 ml of 0.33, N hydrocHloric'^ acid, -Do this 
' for both the tes^ arid control serums= ^ 

\ (8) Into ' each of the tubes add test 
serum, ^control serum, acidifled serum, arird 
acidified test serum as fol 



1 
2 
3 

^ 4.. 



Contfdt 
1 

2 ? 
3 



OWS* 

AMi 
irO jrtl test seruTn 



lng^&^/^breaJ£dbvm^of ^ce qell 
jnuqlei: ft vitfp.; ^is degenera^ nuijlear 
Imaterial] attracts pMfocytic 'cdls,, par . 
jcularly aegmented neutrophils,;^^ engulf 
jthis^ riuclear mass.^ .T^ resulting p]hagocyte 
j ant'inclusion/ material is termed aip ^ 
fcelL'' ' I \ ■ ] - ■ 

b. The two most popular m^ethods of dem-.^ 



1.0 nir ^ontrol serum 
Ifi ml acidified ftst ierum^ 
l.p ml acidified cffatrol serum 

(9) Mix ail eight tubes and Incubate 
for 1 hour at 37°' C. Shalce every lO minutes.^ 

(10) Centrifuge at the end qf-the 1-hour 
period and examine for hiimolysis. ^ fy' 



onstrating ^he L.E; cell and 



anti nuclear 
method and^ 



d. hi 



^Discussion : 



(1) With a positive 
tai^iing acidified sera and patient's cells 
should show considerable^hemolysis 

(2) Normally no I tubes should sl^ow 
hemolysis, v. . % | ^ 

(8) Occasionally^ tubes unacidi- 
fled sera and patient' S cells .may show modeV- 
ate hemolysis. 

(4) A false positive test Is sbmetiines 
seen in congenitaP4pherocytic anernia. . 



antibodies are the rotary bead 
fliidrescent lantibody method: | The rotary 
bead^ method is positive in 75j-80fo of the 
pati^ti v^th lupus erytherriatosus. The 
fluorescent: J antibodj^^^ iS ■ 'positive in 

95--ld0 % or the patitfntl with lupus erythem- 
atqstis.. tA^ iiotaity; tiead; in^^ pre- 
sented in/the next paragraph, |rhe flupres- 
cent antibtdy metHbd requirisN equipment 



test the T^bes con- that limits its use to larger laboratoi^es 



,^-30* Rotary Bead Method 

^ a. Pri 



e. Leukocyies are 
vitro allbwing the abnorma 
tein to reacib on the altered nuclear i^aterial. 
iubation ehhancej the nuclrar deteripra- 
n and phagocytosis. Slides are prepared 
ania examined' rpr the peculiar *'L,E." cell. 

b. Procedure!' , 




broken^ down 
asma pro- 



id 
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. ^. U) Plice 10 glafs beads and IpO' urvits- 
; *of sQdium hiparin (.U^ iS by^ ISS 

; ; mm ie&t tube. ^ ' =^ ^ ' 

L ^ Cai^lObtain 10^15 mr of venoiis blood 
from the piitient a^d place'^jn'the Prepared 
\ /tube;- ^ ^ - ■■ : * ' V ' J ^ : 

/ ^ ^ (8) Mix^^the blood and anticbkgulant 
= = ■.gently thre^-four times. / * / ^ 

(4) /Let /the" blood specimen 'incubate.. 
' at room temper at u r e f d r 1 hp u r . : 

(5) Place on any suitable hematologic 
\ cal sample mixer and ^^otate at a^slpw speed 

(12-15 rpm) for 30 min'utes. . ' / ^ 

/rr^r (6ri*laM in centrM 

at 2,000 rpm for IB minutes. , ' _ 

t'^) Remov^ and discard sut^ernatant^ 
plasmai 

' -J (8) With a disposable pipet remove the ; 
huffy coat and a small amount of RBCs and 
.-^place in a Kahn tube. 

\:\ . (9) Mix ^11 and flij three n<^nHeparin- 
; iz^d 'capillary tubes with tJif mixtlu'e, = 

(10-) Spin capillary fubes;. down in a 
micr^hematocrit spinner for 4 minptes, 

. . (ll) Etch the capillary fubte with 
diamond point pencil at theg'unctirjp^of the 
, : RBC-buffy coat layer and bi:eak tK^ tube. 

(12) Tap jDut'the buffy coat and a sm^all 
amount of plasma on a slM# arid mlK^iintil 
the cells are homogeneous^ Smear the cells 
out in the same manner as for a cifferential 
- smear and;^let air-dry. Prepare t%TO smears. 

. (13> Stain the. smears with modified 
\ \\^right*s stain arid exan^ine the smears 
under oil ii^mersion for the pifesence of 
the lupus erytheniatosus phenomenon. 

(14) Examine known positive slides 
nvith the patient slides. 

Discussion: . 

(1) Lupus erythematpsus is^ a chrdnic, 
sometimes fatal, disease of unknDWn jtioU 
Qgy, The peculiar skin eruption 'iicross the 
nose and cheeks (butterfly rash) and arthri- 
tis can be accompanied by ya^ioi s visceral 
.manifestations. Often the rash is not pres- 



enf,| and /diagnosis depends bh demon.^'a' 
tion of'the LiE. celL Frequently, the eaiiiest 
syniptoms appear after intense exposure to 
sunlight. Leukopenia^ thrombdcjHtopenia, 
and an elevated sedimentation rate are some 
of the clinical signs of the dis^ie. 

(2) Free niasses of lysed nuclear rtiate- 
rial* with or without polymorphonuclear 
leukocytes clustered about'them (rosette for- 
mation), are suggestive of the L.E. phenom- 
enon. Observing **rdsettes" shpuld encour- 
age the techriicmn to repeat examinations 
and furthier seteh for the -true "L.E." cells,; 
lA. positive ^report should not be made with- 
out thevidenHflcatidn- of fthis'-ce^ 
clusion^ body with th^ leukocyfe^^ homo- 
geneous, and has no chromatin |^HFrn, This 
feature distinguishes the true^Ui.E." cell 
frpni the "'tari^' cell (nucleophagocytosis). 
This latter cell vcoiitains an ingulfed, dam^ 
aged nucleus, usually that of ^ a lympHbcyte 
which still eontains a 'recognl^iible chroma-' 
tin . pattern and a distinct nuclear membrane. 

"dr Tntirpretation;. 

{1) These cells are seen as large polym- 
orphonuclear (segmented) leukocytes ^ 
wh4 ch cont a i n large i ngested - "nucl ear f rag- 
mem:^ in f^eir cytoplasm. ; 

(2)- The* inclusion body is a p.urplish- 
stainingj &moky, iiomogeneous mass of ma- 
k terial which is so large that it usually pushes 
the nucleus to one side of the cell. ' 

■ ■ : f 

SECTION H—SPECtAL STAINS ^ 

5=3L Peroxidase Stain (Kaplqw)« 

^ a. Principle. The members' of, the granu- 
locytic ^ries contain an enzyme, peroxidase, 
whieh liberates the oxygen from hydrogen 
peroxide. This enzyme is more . prominent 
in mature forms. A benzidine deriyative Is. 
used as an indicator of peroxidase activity. 
The indicator is oxidized and precipitates 

^ in the form of brown to blue granules. 

b.^Re4lgents^ ■ ^ ' 

(1) Formalin-Ethanor Solution^ 10%.. 
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Mix ID; ml of jforrtialdihyde with 90 .mUbf 

(2) Staiiii Mix: the .fbllowing reagefets 

in the order lifted: ^ ^ : F 

- ^ ■ - '.■ ^' \ .- . ' ■-' = ? . 
30# Ethanol w:| 100.0^ ml 
Benzidine dihydrachloride . . . . .u.L , 0,3,' e 
04 32 M ZhS04.7il.O(3J% W/V)\. - tO^mr 

.Sodium^cetate (ilaCsHsOi'SffiO) 1.0 g: 

3^ Hydrogen perokide = .0.7^ ml^ 

1,0 M sodiuin hydtoxide = _ 1,5 ml, 

/^Safranih 0 -. .^.^ ^ = = = = _ ^0.2 g 

Mix wall after each addition. Final pH is 

- 6.0 ±0.05. Store the stain in a screw-capped 
jar. The* stain is stable for ^bout six 

' months. •■ • ~ " ^ ' — - 

^ ■ . ' ■■ ' » , ■ 

Ci vBrocedure: ^ ^ « 

(1) Prepare blood srtiears from fresh 
blood or bone marrow aspirates. DO NOT 
use anticoagulated blood. ^ . 

(2) Fix the smears in 10% fprmalin- 
ethaaol solution jfor GO seconds. 

: (3) Wash off fixative gently for 15^0 
seconds ,in running wAter, Shake off excess 
watef, ' "■ ^ ' 

(4) Place the slides in a Coplln.jar 
containing the stain for 30 secoiids at room 
temperature. / ' 

(5) Wash the slides for .5-10 seconds 
in running water and dry. Examine the 
smears undersoil immersion. = 

d. Interpretation. Peroxidase positive cells 
are identified by ,yellow-freen tp.blue and 
, biwvn-green granules, Cells of the granu- 
locyte series from the promyelocyte through 
the segmented neutrophil are peroxidaae, 
positive. The degree of peroxidase actiyity 
increases a4 the granulocytes mature. Mono- 
cytes may'^show a weak reaction. All other 
cells ai"e negative. % 

Discussion" ^ 

(1) 'The oxidizing enzyme in the gran- 
ules of the grariulocytic leukocytes deterio- 
rates rapidly in vitro. It is» thei^f ore, nec- 
essary to use fresh blopd in making the 
preparation. ; * , : 

(2) Smears should be prepared within 



1 hour of obtaining the specimen and stained/|'^ ; 
within S ho^rs after they are prep|.red.' ^ ■ ^ 

V ' (3) The monocyte is thought to bis 
slightly peroxidase . poSitive through the- 
phagocytization of peroxiBase positive gran^ > * 
^ules of ruptured cells.- ^ . 

(4) Myeloblast J can -showiweakvpe^ 
daseactivityusingthismethod. : , " \ 

(5) Addition of 4.9 mg of sodium^ya- 
nide to' the stain inhibits peroxidase activity 

* in all granulocytes except eosinophils. 

(6) If greater nuclear detail is requlred^^^ 
counterstain with 1% aqueous cfesyl vioFet . 
:acfetat^rfdr 1 jminut^ dr"i 

Giemaa stain for 10 minutes. * 

(7) Giemsa stain Is prepared as fol- 
lows: Mix 3.8 g Giemsa stain powder and 
200 ml glycerin. Incubate at 60- C for two 
hours. Add Sl2 ml absolute methanol; dilute* - . 
the staining solution I'lQ with 1% sodium 
carbonate before lise. * 

5-32* Leukocyte Alkaline PKosphatase V 
(Kaplow): 

a. Principle. Blood smears are fixed and 
stained for alkaline phosphatase activity. 

:b. Reagents* ^; . 

(1) TpKative; Solution. Mix 10 ml form- ^ 
aldehyde and 90 ml absolute methyl s(lcohoh 
Store in the freezing unit of a refrigerator. ^ 

(2) Propanediol Stock Sokijtion, 0.2 M. 
Add 10 g 2-amirio-2-methyl-l, ;8-propane- 
diol in. a 500-ml volumetric flask. Dissolve 
in, .and dilute to the mark with, distilled 
water. Stoi% in the refrigerator. 

(3) l^opanediol Buffer, 0.05 M, (pp 
9J5). Add 25* mf^O.2 M propanediol stock 
solution ftnd 5 ml ' of ^0.1 M hydrochloric 
acid to a 100-ml flask. Dilute to the mark . 
with distilled wat^r. Store ^in the refrigera-: 
tor. 

. (4) Substrate Mixture. Dissolve 20^ mg 
rtaphthol AS-BI phosphate ' (Sigma Chemi- 
cal ;Company) in 1.0 ml of dimethylforma- . 
midfti Add 250 ml of 0.05 M propaT\edior 
buffdfeto the solution. Pipet 10 ml aliquots of 



EKLC 



10 



AFM 160ial/TM 8-227-4 



^S^mcetaher 1973 

this solutioif^ into* teat tubes; " stqp^r^ and 
freeze.* \ \ ' /' ^ ^ / \ ' 

. ' ' (5) Stain, SolutioiL Tha,w ^substrates 
tubes to room tempei-ature (as needed)! 144d^^ 



, (1) , Count two slides (100 cells, pir 

mfntetf'^ .accor(lmg f q ; jibw much .. 

black staining, of I the gi^anules ' ib: observed. 
4 mg Df fast red-violet salt\LB .'fSigmhV//^:^^?^ is noted, the ratipff is 0; if 

Chamicah Company) tofeach' IQ nili of sub^^ ui«„i- ^.^^ „„a 

strate solution. Mix vigorously' for S'secotids^^vJ 
fiTteV and USE IMMEDIATELY.^, / v 




(B) Counterstaln' (Harris Hematoxy- 
lin): ^ ' ^ -^^ / 

' _ (a.) Dissolve lOOr g of potassium ov' 
ammoniujgn i, aLum in: 1000 ttU of distilled- 
water.. Heatiuntil the solid dissolves.' 
- . ^ (b) ,X)issolve 5 g of ^hematoxylin crys- - 
,tals in 50 mrof-965^ ethyl a:lcohoL ^ 

-(c) Mix the '^alum and hematoxylm ^ 
solutions. Heat to boiling and add , 2M g 
mercuric oxide. ~ ^ 

(d) 'Keheat the soUition for about 1 
minute until dark purple. 

.(e) Eapidly cool in. cold wter. 

(f) This stain is stable /^ttrow^tem- 
perature for 3 to 4 months. ' 

0. Procedure: / / > 

Prepare fresh blood' smears . and 



controls from 



(1) 

air-dry. ^ 

(2) Prepare negEtive 
normal human blood. , - >^ ^ 

(3) Positive smears are / obtained by 
collecting, blopd smears from^obstetric pa- 
tients during the first 24 hours after delivery. 

(4) Immerse the slides in the fixative 
0° to -10^ C for 30 seconds. ' . 

(5) Genify wash the smearsMn .run- 
ning water a*nd alr*dry. 

' , (6) 'Place the slides in the stain ^olu= 
tion for 10 minutes atToom^mperature. 

(7) Repeat step (5). 

(8) Counterstain 
stain 'for 8 to 8 minutes^ 

(9) Repeat step (5);, ^ 

(10) Mount with glycerin gelatin or^ 
Perm^ou^nt (Fisher Sqientiflc Condipany) arid^ 
examine under oil immersibn; 

= d, ,Scoringr . , \ - - 



hematoxylin 



slight black staining is noted, the rating is, 
/ 1^-f ; if a medium amount of black staiiyng^s^ 
. noted, the rating isS-Hj if a^lieavy amount lof 
w dark blade stairiing is observed, the rating'is 
: 3*+, and if there is heavy black staining cov- 
ering all the c^opla^nr/ the rating "is 4+ . 

^ (2) Afteri 100| cells pel' slide are, rated, 
; fl:^ure . the scbre-kivihg cells ^ counted y a^ 
0— ho score; celM rated as Jl +, -E^K^ score 
df 1 iach; cells raced as ''2 + * 2 
eaehretc. I'jt 1,' 

^ _ . (3) Report j the totaLmumbir of ceHsj 
giving their ratings' and ^scor/ .Report- the 
total scoi^ for each indivi4uaf^slidef Aver- 
uge the hvo total scores mnd^i^'eport the aver- 
rage: Also^ always' rep0ir^vt|i^" normal- s 
range. ... .\ \ 

^ "d. Dis^<;u^sionr , ^ ^ " t^ \ ^ ^ 

(1) Lpatients ; with infec pbly- 
ci^hemia and myelppro)i^rative disordeA 
detnon strate increased walk'aline phoSphatasa 
activity. ' /'\ 

(2) In ;patientf withvmcute or chronica 
.granulocytic leukemia,; alkaline phosphatase 
activity is decl^eased. ; ■ n 

f . Normal Values. Scores of 13-130 have 
been obtained in- heajttiy adults. However, 
the attending - physician sliould interpret 
whether values arerip^ 

5-33. Heinz Bod^Staintv * ' ' \ ' 

. a. Prtifcipte; BJdfiS^s mixed with methyl 
violet ibl^4iqn^iid a smear is prepared. 
Heinz bodies staiaed with methyl violet are 
pupple, Tound or oval granules, one-two 
microns in diameter within the erythrocytes* 

b. Reagent. Methyl Vible Dis- 
solve 0.5 g'methyl violet in 100 ml of saline • 
;(q.9%.NaCl). Filter/ ' ^ - ■ ^ , 

ic. Procedwre* ^ ' . / 

^ (1) Mix-equal volumes of blood and 



T 



m^yl vmlet solutf on in jeiikocyf e ; diluting. 

pipet^-j:::. ■v;.^ ; 

" (2) let ^tand at xoonj! tenperattire for 

. (3j) Prepa^p y k =smear and examine 
brider oil immet'slone = • * ; • 

> i Id. Pisciission! ;': • 

■ ! ^ (1) \ Heinz •: ^pdies ate Invi^blle in 
'Wright-Blained prepg^^ \% *; * 

i (2) They can? t>e • obieryed in; reticji- 
> locyte preparations and by the use of phase 
'microscopy. . ; f 

^ denatured hetnpglobinoTh are usuall^dem- 
Qi[istrated in hemolytic^ anemias cay^ed by 
tqxic agfents.: ^ . ' / 
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SECTION TESTS 

5-35. Screeiiing Test: for jGluc^se-6*Phos- 
phate Dehydrogenaie Peflciency r ^ ' 

a^^ Principle Blood i^ j^xy 
vert heruoglobln to Oxyhemoglobin. Sodijim 
ascorbate in' the presence of oxyhemo^bin 
yields hydrogen ^eroicidej Iji , G-6-PD-"^d#- 
flcient individuals/, hydtbgei^' peroxide' re- 
acts with hemoglobin to form a brown to 
green heme chrome, v ; / " ^ 



5-^04 Sideroeyte Stain : 



a, Princip^le.. Siderocytes are erythrocytes 
comtainin^;iron granules. The granules .^are 
blue when stained with Prussian blue. V 

: b. Reagents;- - - :/ 

' ■ H): Prussian Blue. Dissolve 4 g of 
potasaium ferrocyanide in .20 ml distill6d 
water.. Add. cpncentratfed HCl until a white; 
precipitate fpims. Filter to remove the pre- * 
cipltate. : ■ ' 

^- Y<2>^^afranin Solution^^ 0.1 
^^^100 mg)^g.safranin to 10 ml distilled water. 

; ■ c •^Procjedure : ^ 

blood or bone smears -with 
>Brussian blue,, for 80 minutes - (NQTEr . 
I Wright-stained .preparation can be used)* 

y (2) . Wash the Prussian blue off the slide 
with distilled water. ' ■ , J 

i ■. (3) Counterstain with 1% ^safranin 
splutipri for 2-3 seconds/ 

d. Interpretation. Iron granules present 
in erythrocytes stain blue. 

/ e, Discussioni , ^ 

(1) Siderocytes ^ occur in several 
anemias, lead poisonings and after splenec- 
tomy. ' .. ' / 

(2) Oh Wright-stained preparation the 
granules are bkiish-purple and are called 
. Pa ppenheifner bodies. . ' ' - ; * 



b. Reagents: ; * ; ■ 

. (1) .Glucose^^^ 
4.0 g glucose and 2.0 sodiuinuascorbate in 
a mortar. Transfer .15 mg of^fhe mixture 
. .to: a series of 16^ x 100 mm test tubes apd 
-stopper^ Th^e tubes rfe st&ble indeftnitelyi 
when stored at- -^SC^^b. " \ / % ; j 

- 'V<2). Ptesplmte V^uffer^ M (.pH 

: 7.4), Dis^lve Oi9 g-'pdtaisiuni dihydrdgehi^ 
phosphate (KHgPO.) &nd 8.81 g spdiOT(i 
/.monohydrogen phosphate (NaiHPO" i^^H^^) 
in distilled wat^r -ffi make 5Q0 mL; ^ 
; \^ (3) Sodium Cyanide Sblution.'^jbissolve 
500 mg^ sodium cyanide in approximately 
50 ml 4|tffciiled water. Add 20 ml l/lS^M 
phospfiate buffer i Add 1 M HCl until the^H; 
is 7;4>"^out 10. ml). Pil\ite to 100 mLwith^ 
distilled water.: \ / - ^ 

c: Procedure: \|j ^ ^ ^ 

(1) t^ollect a Rood sample in EDTA 
or heparin from the patient. and a norma^ 
individual. 

(2) Aerate the blood samples to a bright . 
red color by gentle swirling under air. , 

(3) Add 2 ml aerated blood to each 
tuj^^mitaining the glucose sodium ascor- 
bate. 

,^(4); AddrO.l ml pf thi sodium cjfenide 
solution to the tubes. 

(S^^x^well and^ incubate in 37^ C 
water bath for 4 hours. Agitate the blood 
. ^ suspensions evfery hour. ' - 

d. Interprefttion. Blo^ deficient in 
6-PD turns brown after 1-^3 hours of in- 



i 
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edbAtipn; ^ N9i^ bldod temaijis Jbright ; 
, during ttiis time; . . • ^ ^ . 

: e. DlscUssionv ; : ; ; „ v 

^ (1) 0:?^lata^nticbagulants cahnqt 
Msed, ;as rapi^ ^Aeolpratioh occurs Ih^l^tK 
abnorrnal any rrormht subjects^ * 

/ (3) Blood stored' in ACD at 4^ G; ckn 
.be tested tor G-6-PD defici6ncy-^p to foin-^ 
teen (days aftei^olliction.H. ; - - - ' 




5-36. v^npmtnt of CytOgerietic Speclmehii v 

' % ' a. Guidelines: ' /. 

XI) Contwt the laboratory to be per? 
forming the cytogenetic studies and request 
media and instriuctioris for the test. Follow 
explicitly the iristructionf oj this labor'atpry, 

^ (2) Send blood specimen in: special 
media whifch is supplied by the Cytogenetics 
Larboratory. (Due to iniierent' instability 
of culture media, fresh kits .are siipplied only 
omrequest;) J . ^ ^ , 

;« fs) Specimens on/ each patient must 
beT^ccompanied by Karybtype'Reqiiest Form 
(obtained from the receiving graboratory) 
with brief clinical history, ph^icaV findings* 
and most recent white, blcpd; cSll cQunt and 
dtfferentiaL X - ^ . 

^ (4T Undir normal circumstancel, re- 
sults of analysis ai^e a^ilabl^-^'four^to six 
weeks after receipt of specimen. . . . 



Organpn). 



Supples Needed: 



: (1) 10 cc /sterile disppsabie " svrmf?es 
(for ©xartiple, Glaspak or Plastipak by Eec-^'- 
ton-Dickinson y** \.\ # - ' - '/ 

(2) Sterile needles* ' J 
tS) Heparih ; (Liquoemin posiumf- 
(If substitution is necessary, do 
not use hiepavin in which phenol is 'used as a 
preservative,) ■ ' . . / ^ 

c. Blood Collection. NOTE: It is essential 
that sterile cohditiqns be maintained whije 
drawing and transferring blood to mailing 
-vials. ' • ' ^ ' 

I (1) Scrub the venipuncture area.'at^ 
leasfe.twice with 2 Xr2 gauze pads soaked mth 
70l% isoprop^l alcohol (other antiseptic 
rfgents'may be toxic to cultures), , 

V \ (21 Allow; alcohol to ' Hry completer^ 
*and/. without Additional palpation ,(whi5h y 
may introduce coritaminatidri) draw^ 8=10 cc^ 
yeripus blood into a sterile syringe contain- 
* in^ 1000 units of heparin, ^ / . 

/ X3) Withdraw needle and immediately 
remove needle from S3aunge. ^ > \- - t. 

:^ (4) Immediately , empty syringey^into 
.blood separation vial and seal tightly. . / - ; 

. (5) Mark vial with patient^s name, 
, time^ andidate specimen %vas drawn; 

d. Mailing Instructions, Ship immediately 
via \Am MAIL SPECIAL DELIVERY. 
Specimens are usually viable fbr up^ to 72 
hours after drawi'ftg. Whenever possible, 
therefore, specimens should not be shipped 
Thursday or Fritlay to avoid weekend ar-* 
rivals, ^ ^ 
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• - 4 ; Chapter 6 - . 

BtOOD COAGULATION 

- ' ' . . - . ■ = ^ 

SECTION A— INTRODIJCTION 

6^L Hemdstasisi 



I.: 



6-1 



•y. • 



■ r 



a. Coagulation of the blood yii only one 
\of the components in yie larger function 
of ^ stopping.- Blood flow - known" as hemosta- 
sis, Hempstasis is a compjex process in\which 
Several factors work togetherior In sequence 
to stop the flow of blood- from an injured 
blood vessel. The three main, niechanisms 
involved in this process are grouped as fol- 
lo%vs ; extravasculaf J ' vascular^ and intra- 
ya%3ular. . ^ ^ ^ ' ' \ ^ " 

' b. The. extravascular mechanism involves 
the physical effects of the tissues (skin, 
musble, etc.) which surround blood vessel s. 
The effectiveness of this ftiechariism in slow- 
ing thetflow of blood depends on the tissue's 
thickness, weight, tightnesi, and . ability -to 
. contract. . This irifechanism also provides 
chemical factors (tissue thromboplastin) 
which aid in the plotting process, ^ ) 

c. T)ie vascular mech&nism involves the 
veins, arteries, Jind capillaries themselves; 
Their effectiveness depends on thickness of 
the vessel %vall and its structure, coritracti- 
bilityj and retractibility. 

d/ The intravascular mechanism involved 
coagulation of the blood. This is a 'highly ; 
complicated mechanism* that requires^four 
stages for completionr Th|Se stages ax^e the 
genemtioil' of thromboplastinv the genem- 
tion of thrombin, the production of fibrin, 
and the^^dlssolution of the fibrin clot. ^ . - . 

6-2. Coagulation' 

a. Blood coagulation is the formation of 
a clot from liquid blood. It is a complex 
subject and many aspects of nomenclature. 



physiplogy, and interpretation of tests re- - 
main cbntroversiaK When bleeding ^occurs, 
(Slotting'is initiated Hy aggregation pjT 'plate- 
lets. The platelets congeal to plug the site 
of the Jnjury. The congealing, (viscous ' 
jfnetaniorphosis) process is stimulated by 
contact with collagen or by the form^itloii 
of thrombin. Hemostasis/is not achieved 
Wj^ithout i th4 simultaneoui forfnation of 
fibrin. Platelet and plasma factors are acti- ' 
vated, and; by a complejc process ai fibrin 
clot is foijmed. Thte arrest of bleeding is 
\ attained when a firm fibrin network seals 
V the blood vessel wound with enough ptrength 
to %vithstand= the. Impact of inti^aYajScular 
pressure. . . y .. ' \' 

b. Bleeding .disorders occur ii^ the^fotfow* 
irig areas: injury to the vascular .system, 
inadequate platelets, inadequate flbrin clot- ' ' 
ting mechanisms, and inadequate fibroblast 
tic repair. The laboratory performs a variety 
of tests which assist the physician in his 
investigation of blood coagulation. Several: 
of these *tefets measure the overall coagula- 
tion process. The bleeding disorders are due 
to one or several of the many factors in- 
volved in this process, In most instance%^ 
prolonged ^bleeding is dye to a deficiency fof = 
one factor or another. However, in some 
instances, it is dtie to therapeutic anticoagu- 
lants that are Intentionariy Injected to^in-. ^ , 
terfere with the, coagulation mechanisnC Ii^^"^^^ 
a few rare Instances prolonged bleeding is 
due to a natural or antigenically-stimulated 
increase in circulating anticoagulants pro- 
duced in the body, ; 

SECTION B—COAGULAljioN FACTORS 

6-=3.: Blood Factors. See Table 6=1 for a 
complete list of factors arid thplr synonyms. 
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TABLE 6-1. "^OMENCtATUBil OP CQAGTJLi^- 

, TION FACTORS ■ ' . . ' 



x* aCtOT 








1 


Fibpifidgen ^ , • 


TT 
11 


-rrotnronibiii . 


TTT 
111 ' 


Throinboplastin , 




- Calcium . * . ' 


V 


Labile Factor^ Proaecelerm, 






^ VII 


^ Proconvertint Stable Factor 


viti 


/ Antihemophilic Factor (AHF) 




Antihemophilic Gipbulin. (AHG) 


IX I 


Plasma Thromboplastin Component 




(PTC), ChriBtmas^aetor 


• ■ X ■■ , • 


^ Stuart-Prower Factor _ 


XI 


Plasma Thromboplastin^ 




Antecedent (PTA) / 


XIT 


Hag-eman Factor, Glass Factor 


XIII 


. Fibrin Stabilising Factor 




(FSP), Fibrinaie. 



a. Factor I ( Fibrinogen) . FiBrinogent. a ' - 
plasnia protein, is converted into ^fibriri^nt;^ 

^he presence of thrombin/ The majdr-ism 
of * fibrinogen is the livfr. Bleeding ^due:/to^V^^ 

^a. fibrinogen deficiency does not usually ^ 
come^ nianifest until the plasma concentra-y^ 
tion js below 75 per dL ' 

b. Factor 11 (Prothrombin). This sub- ' 
stance is a stable glycoprotein, synthesized 
in the liver if an adequate amount of vilamin 
K is available. Prothrombin is the inactive \ 
precursor pf thrombin^ 

: ,c. Fa:ctor III (Thromboplastin), Throm- 
boplastin Ms a variety of lipoproteins de- 
rived from platelets, the brain the lungs, ' 
and other tissues. . Deri vedtrom the tissues, 
thromboplastin requires ;calcium and factors^ 
V, VII, and X to convert prothrombin to 
thrombm. Plasma thromboplastin . (fprmed 
during the^totlial clotting process from fac- ■ 
tors Vill,. IX, XI, XII, and platelets)^ re- 
;quires calciujn and factors V arid X to con- 
cert prothrombin to thrombin. 

- d. Factor, . IV (Calcium). Calcium is an 
inorganic iort wffich is. necessary lor clot- 
ting to occur. Qalciiim f uric tiohs. as an: acti- 
vator lof throrntoplastic products (Stage I), 
a cocatalyst iqi ;tHe conversion of prothrom- 
bin to thrombin (Stage/II) and^in the for- ' 
mation of fibrin (Stage III). A' decrease in 



serum calcium suffl^cient' to interfere wftK 
flood qpoagulation is incoijipatible/ with life; 
\^ e, Factor^ V (Labile Factor Proaccelerin, 
Accelerator Globulin); Factor V: is derived; 
from plasma globulin,, and it ricta a^ an ac- 
celerator in thev-conversion of prothrombin 
to thrombin in XIM presence of i tissue throm- 
boplastin. FactorSV is not present ih.serum' 
because'it is consumed during the clotting 
of blood. . * / ^ ■ " 

. f. Factor VI (Acceierin)r Factor VI has 
Ijeen elimihafed as an entity by the Intei^- 
national Gottimittee-an Blood Gloating Fac- 
' tors. ^ ' - ■ / [ _ ' ^ ^ 

Factt5i^*3^II. (Stable Factor, PrQconver- 
tin). .Factor VII is /stable to both heat and 
storage, . Jt is thought td act as; an accelerator 
in the couiyeysion 0^ ^roth-rombin ta throm- , 
bin, Factoi'/ VII is not consumed in the clot- 
Iting .pr0eess;ftherefoi;e, it has a high Coh- 
' ;:ceiitratioii v^i^ Severe deficiency . .of 

y .f3Mffr^fl:QtiUB0^^ ^dec reuse in ^proth rombi n 
^-^ctivit3^ -^^J;-^^^^ . 

;^liv: Jftdtb^ Vlt4^ fcA^ntih^ophiliq Factor, 

;^^ti|(eteij^5hilie, G VIII is es- 

"^^iifStA^i^^e formation of intrinsic blood 
thramiippiastin in of clotting. 

; D efic i ef^qy p f ;f a c t or V 1 1 1 r es u 1 1 s in t he r e- 
duction of ''thromboplastin as . well as, de- 
crease^l conversion of prothrombin. Faator" 
Vlil deficiency is a hereditary sex-linked dls- 

' order trajismitted by females arid mani- 
fested almost exclusively i.rt males (Hemo- 
philia A). ' = : 

i. Factor IX (plasma Thromboplastin 
Gomponent, Christmas Factor), Factor IX 
influences the atnount of*- thromboplastin 
formed. This factor, is not "consumed in the . 
clotting, process ; thereforey it is present in ' 
serum; Deficiency of factor IX is either, 
hereditary or acquired and is known as 
Heihophilia B or Christmas disease. 

Factor X (Stuart Prower 'Factor). Fac- 
tor X aids in the prompt conversion of^pro- 
thrombin to thrombin. .deficiency of factor 
X is either acquired or hereditary. ^ 

k. . Factor XI . (Plasma Thrombopiastln, .i 
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P , Antecedent). Factor XI aids in the formar 
V V tlpn of plasma thrombbplastiii, Thia factor 
, is stable and is found in plasma or serum.' 
^ Dfflciency of factor XI jj probably heredi- 
yj^-:ytBxy and insults in a mildRmophilia. ' V ; 

^S^P: I. lectori XII (Hagemao Factor, Glass 
' Factor), f^riis factbr is^ not required for 

; y,,^ jiorrtll hemostasiSyV'but it - Is impbrtant in 
,;: -the vai:ious in .vitro assays of the cldtting • 
i m It is a plasma Gontacj factor 

^ #; wth^glass and;jir^a 

;Fr5Cli related f actor Xj in tKe activation 
^ ^-^f thrpinboplastin, and like an eri-^ 

' . ; iym^ fpr ^YhicK pne substrate is factor XL 

- 0 m.; Factor XIII (Fibrin Sabilizing Fac- 
V feiv Fibrinase). Factor XIII converts a 
j^v^. Jppsel3?* linked, . flbrln clot tin the presence - 
/of the calcium ions) into a tough4b4i. Its 
acttyity is greatly reduced in Serum (as 
compared '^vith plasma ) because of Its strong. ' 
:\ //Adsorption of flbrin. , 



r 



/6-4. Platelet Factors. Platelets are active 
^^blood coagulatlpn. They perform the foU 
lowing functions: aid in vasoconstriction 
and. 4he formation of 4 hemostatic plugj; 
- thrpmbbplastic activity, and cfot retraction, 
Whe^n .^platelets contact a wettable surface, 
at 'first they adhere to one another and then 
rupture, releasing chemical factors. 

a. Platelet Factor .1. This factor acceler- 
ates protfirombih convepion and is actually 
blood factor V adsorljed on platelefsi 

- b/ platelet , FaStor 2. Factor 8 accelerate 
fibrinogeTi clotting 6f thrombin, \: :N . 

ci^^jiatelet Factor 3/A phospholipid sub^. 
^taricfe' ittVplvf d itv prothrombin activation. 
This is the most important factor and prob- 
ably is an actuar intrinsic component of . 
platelets. - ■ ^ ■ = 

d. Platelet Factor 4, This . factor reacts \ 
. to neutiialize heparin, ; . ' _ ' 

. Platelet Factor. 5. T^iis ^factor is ad- 
sorbed iritrinsic flbrinogen*;' 

" f. PJat^l^t Factor 6. This factor reduces* 
flbrinolytic^actlvity. 



1 * 

[ &.,PlateJet Factor 7, 
sorbed blood fadtor YIlI 



Thfi: factor, is ad- 



6-3, Fibrinplytic Factors, Fibrinplysis is the 
dissolution of a fibrin dpt. The process is 
a. necessary activity following clot forma- 
tion. The mechanism of clot . dissdlutioh is 

' complex and iriyol^es a variety, t^f factors/ 
In acEive circulating, pjasma^ 
(plaOTiinpgen) is 'converted to jte active. 

Jfprm,:ftbiinpiysin^^ C 

vators, ; streptokinase, ^ urokinase, . and ui;^- 
known activators. . Fibrinolysin , acts locally , 
'to dissolve the clot, ; ^ 



SECTION C^THE COAGtJ^llON 

6-6, Introduction. The classical theory of 
Horowitz proposed that four compoh#nts 
interact to forni a clot as f^ows:* 

' . ' Thromboplastin ' 
.Pppthrombin . - — =f — - — » ThrmMn v' ' 



Fibriiiogen - 



Thrombin 



Fibrin €lot 



From this concept,' the mdflern theory was 
devised. The modern them^ is based on^f our 
stages: .(1) the formation of thrombo-* 
plastinj (2) the conversion pf prPthrombin 
^ to thrombin, (8) formation of an insoluble 
fibrin clot through the interaction of flbrijiOr^j^^ 
gm and thrombin, and :(^;>> the lysis of th^- 
flbt%^^^lot-;by fibrinolysin. The^ stages are 
illustrated in figure 6-t1' . 

8^7. The Modern Theory i 

; a. Stagfe I. Stage I involves, th^= fo^'mation 
of intrinsic (pl^siria) thromboplastin,. This 
s^ge is, initiated ^b5^-;^he platelets adhering 
^ artd rupturingj rele^si ng platelet factor 3. 
f latelet fa^tbr 3 reacts with AHF (factor ■ 
VIII) and>?TC (factor IX) in the presence . 
,of calcium (fa^or/iV), Pf A (factor' XI),^ 
factor XII, factor V, and factor X^'to forihi 
intrinsic ■thromboplastin. '^ssue thrombd- ; 
plastin pri extrinsic thromboplastiri is re- 
Tealed by the affebted tissues. The average . 
time of this' reaction is 9 minutes. ^ .= 
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b. Stage IL In the/ ihtrinsic system pror ' 
: thrombin is converted* to thrombin in the 
presence of^pjasma thrombopiastin, calcium, ^ 
and fac^^s V and X. The extrinsic system. 
, requires the presence *of an additional fac- 
tofp factor ; VII, "for *the conversion of Rro- 
thrombin to thromyn^Thik stage takes place 
in 12-=15ieaonds. , " ^ ^ ^ " 

. c. Stage'lIL ^er thp thrombin is gert- 
ercifed, it quickly reacts with fibrinogen to 
.form :a fine fibrin clot The fibrin clot plus 
calcium ionr and .factor XIIL the fibrin- 
stabilirin^ factor, form a stabilized ^ clot. 
The clotus characterized by its insorubility 
in f M urea. The stage takes place-in one 
second. ^ 

A. Stage IV. This stage^^is a fibrinolytics 
dissolutiorr of the clot. Circulating plasminqr 
gen is converted to itanactive form plasmin. 
The dlot in the presence of .plasitiin Is dis- * 
solved. .. ^ ' ' 

6-8, Coagulation Inhibitors. In addition to 
.the factors necessary for clot formation, in- ^ 
hibitors, are present which ' control but do 
not preveiit cmgulatipn. Natural inhibitors 
have been desb^ed ^ for virtually . /"every \ 
clotting factor. Ci^ligg activity 'is also in- 
hibited by the adminiJt^^ion of anftgpagu- 

rih deriv- 



study; Specific tests to measure the various 
coagulation functions are listed in Table 

6=2. :.' ,-. ' .;; 



'lants such as heparin an 
^ Natives. \ * . 



SECTION D=COAGULATI©l/ STUDIES 



thrombo- 
screening 



6-9, Introdudtion, The partial 
piastin test is the;^ most' useful 
method for the detection of blbdd coloura- 
tion disorders. This test . encpmpasse^ ali 
three stages of coagulation indicates 
an abnoi-maHty in all of the clotting factors, 
with the /exception of factor VII and plate- 
lets. The .prothrombin time and thrombo- 
plastin generation time detect, deflciencies 
in oth^r stages. The' prothrombin time de- 
tects abnormalities in stages II and III while 
the thromboplastin generation test detects 
abnormalities in state L A systematic ap- 
proach should be followed in a^ cpagulatidn 



TABLE 6=2. 
- TESTS 



DIAGNOSTIC COAGULATION 



Coagulaiion Fumtion 
VasdtilaF Funetion 



Clottihg. Ability 



Stage. I Defecta. 



Stage' II Defects 
" Stag© Ili Defects 

Stage . ly DiJecti ' 



Test * ! ^ 

Bleeding Time, Tourniquet * 
Jest - 

Bleedine Tiiti^, Clot Retrac- 
tion, Tourniquet Test, Pro- 
thrombin Consumption, 
Thrombopjastin Generation ■ 
Test, Platelet Count, 
Clotting Time, Partial 
.Thrpniboplastin Time,: ' 
Thrombin Time 
Prothrombin' CQniumption 
Test, Thromboplastin Gen- 
erat ion Test / 
One Stage Prothrombin Time » 
One Stage Prothrombin ^ 
Time, Fibrinogen Level 
Clot Retraction, Thfombin 
Time,, Fibrinolysin Assay 



6-10. Blood CoIlecOon I ; , V 

a. Two-Syringe Techniqiie. To a^oid con- 
. tamination of blood by tissue juices the two-f 
syringe venipunGture is ^usually employed, 
(except' for the' one-stage prothrombin 
time) for coagulation tests using venous 
blood. The technique Is as follows: 

(1) Cleanse the site with 70% isopro- 
pyialcohol and allow to dry, 

(2) Place a tourniquet on the arm. 

. ^ (3) Immediately insert the needliB and 
remove the tourniquet, (Quick removal of 
the to^urniquet prevents stasis.) 

04) Withdraw about 2 ml of blood. Re- 
move the syringe and discard it. 

(6) Attach a second syringe and with- 
flraw the required quantity of blood; 

(6) Blood samples for anticoagulation 
should be immediately mixed with the anti- 
coagulant, ^ 

, b. Anticoagulants. Anticoiigulants for CQ- 
agulation' studies can be, obtained In com- 
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mercially-preparid vacuum tubes or pre- 
pared in the laboratory. The preparation 
and use of anticoagulants is as foirowsr 

(1) Sodium Citrate, 3.8%; Dissolve 3 J 
g of sodium Gltrate in 100 ml distilled 
water. Refrigerate. ^ As\ an^ anticoagulant, 
combine one part 3.8% sodium citrate with. 
9 parts blood. ' \ * 

(2) Sodium' Oxalate, 0.1 M. Dissolve 
1.34 ff sodium oxalate in 100 ml distilled 
water. Refrigerate.^ As an anticoagulant, 
coftibine one^ part 0,1 M sodium oxalate^ 
with 9 parts blood. 

(3) EDTA. DiBSolve 10 g of fiDTA 
salt in 100 ml distilled water. ,Pipet 1 ml 
.of this^ solution/ into a mitaWe test tube, 
AlIo\y to dry in the oven at low tempera- 
ture. For use as an anticoagulant, add 5 ml 
of venous blood and mix well. 

c/OIassware. All glassware for coagula- 
tion studies must be scrupulously clean. 
Used glassware should be free of chemicals 
and any' iracjes of human blood components. 
All glassware should be cleaned in deter- 
gents free of organic solvents and rinsed 
several times with distilled water. Never use 
test tubes or^ipets that are damaged. The 
use of disposable syringes and needles elimi- 
nates the need for siliconizing glassware. 

Bleeding Time: , 

a. Principle. The bleeding time is the 
time it takes for a small standardized wound 
to stop bleeding. It is dependent upon the 
elasticity of the skin and capillary vessels, 
the efficiency of tissue fluids, and the rne- 
chanical and chemical aGtion^:0f the' plate- 
lets. 

b. Duke Method! ^ 

(ly The puncture site is about* 15^20 
mm above the rounded fatty portion of the 
ear lobe. ^ 

(2) Clean the area on the ear with 
70% isopropyl alcohol and allow to dry. 

^ (3) Place a glass slide behind th^ ear, 

(4) Puncture the thinnest part of the 
ear with a surgicAl knife blade. Start the 
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". stopwatch immediately after the puncture 
is made. If a good puncture is made, you' 
will hear a click of the blad% touching tiie 
glass slide, " 

(5) At intervals of SO seconds, gently 
blot the blood from the wound with a piece^ 
of filter paper,^ being careful not to touch 
the skin. • ^ 

(6) At the time when blood fails to ap- 
pear on the filter paper, stop the stbpwatchi 

c. Ivy Method; 

(1)' Place a blood pressujre cuff on the 
^patient's upper arm and inflate it to 40 mm 

Hg. 

' (2) Cleanse the forearm with 70% iso- 
propyl alcohol and allow to dry. 

(3) After the area has dried, make 
three incisions 3 mm deep and 3 mm long 
with a sterile surgical blade^ Avoid super- 
ficial veins. 

(4) ; Start a stop watch and blot the 
three punctures gently at 15 second inter- 
vals. ' . 

(5) Continue until the bleeding stops 
from all wounds. Record the longest time. 

- d; Sources of Error: 

(1) An inadequate puncture results in 
a poor flow of blood.. Squeezing the site to 
obtain a free flow of blood *must not be done. 

(2) Low skin temperature produces a 
constriction of the capillary vessels result- 
ing in decreased blood flow. ' 

. (8) A standardized puncture is neces- 
sary for valid results. Too deep a wound pro.- 
longs, the bleeding tinie. while a shallow 
wound shortens the bleeding time. 

e. Discussion: 

(1) The Ivy Bleeding Time is the meth- 
od of choice .because the blood pressure on 
the vessels is constant, the incision is uni- 
form, and the arm offers an area for multi- 
ple determinations. 

(2) The bleeding time depends pri- 
marily on extravascular and vascular fac- 
tors and, to a lesser degree, on the factors of 
coagulation. The chief factor controlling 
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bleecUng from a small cut is tHe'constrictlon 
.of the minute vessels following injury. Ac- 
curacy in this test is enhanced b)^ blotting 
the drops of . blodcr at shorter intervals of 
time as the drops of blood become progres.-; 
sively smaller. . . ' 

^ ( 3 ) Throm1)0dytes play an impoftant 
part in the formation of the hemostatic plug 
which seals off a wound. In thrombocyto- 
penic purpura thei:e is a decrease in platelets 
resulting in a prolongefy>leeding time due to 
a defective "platelet pluf/"An additional fac- 
tor prolonging the breeding time in this con- 
dition is a defect in capillary contraction. 

(4) In hemophilia the^eeding time is 
normaL This is explained by the fact that 
^here are no vascular .or extravascular ab- 
normalities. However^ the test should not be 
'perfoi-med on a known hemophiliac, for de- 
layed oozing of blood is a real hazard. 

f. Normal Values: . - ^ 

(1) Duke Method: 

(a) One to 3 minutes, ' ^ 

(b) Three to 10 minutes borderline. 

(2) Ivy Method: Up to 7 minutes, . 

6=12. Whoie Blood Clotting Time (Lee- 
White)" ^ 

a. Principle. The whole blood elating time 
is a rou^h measure 'pf all intrinsic clotting" 
factors in the absence of tissue factors. Var- 
iations are wide and the test' sensitivity is 
limited. ; / 

b. Pi'bcedure! 

(1) Draw 0 ml of venous blood with a 
disposable plastic syringe, using the two- 
syringe method, 

(2) Label 3 Kahn tubes I, 2, and 3 and 
place 1 ml of blood in each tube. Set a clock 
for 60 minutes and start the clock as soon as 
the blood starts Into the second syringe,- A 
stopwatch can be used, . 

(3) Place the tubes in a 37- C %vater 
bath as ,soon as possible. "^-^ . 

(4) After 5 minutes tilt tube 3 (the 
last tube fiUed) every 30 seconds until it 
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clots. Then tilt tube 2/ every 30 .^econds until 
it clots. When tube' 2/clots, tilt tube ! in the 
sartie manner.^ ' / 

(.^) Report ;thej' time . it takes for the 
l)Iood 'in the last til le to clot, Jf the blood 
does not clot within 60 minutes report the 
Lee-White time as g mter than 60 minutes. 

(6) Hold all tub^s 24 hours for observa- 
tion, of clot retractiori, clot lysis, and eryth- 
rocyte fallout. la 

c; Sources of Error : . 

V (1) 'The following variables- tend to de- 
crease the clotting time: rough handling of 
the blood specimen, presence of tissue fluids 
(traumatic venipuncture), frequent tilting 
of the tube* and unclean tubes, * ' 

(2) The following variables tend to in- 
crease the clotting time: extreme increases in 
temper atui'e* variation in pHr'and perform- 
ance.of the test at room temperature. 

d. Discussion: 

(1) The sensitivity of the test is in- 
creased by the use of polystyrene or sili- 
conized test tubes, The test is performed in 
the sanie manner and checked every, minute 

;after 25 minutes has-elapsed, 

(2) An activated /clotting time is per- 
formed using deiite as an activator." 

($) ThHs test is of value primarily as it. 
is used to follow heparin therapy. Its use 
as a- screening procedure is Jimited due to 
its poor sensitivity. 

(4) A prolonged clotting time immedi- 
ately indicates impaired coagulation^ but a 
normal clotting time does not exclude many 
sterious clotting defects. 

(5) In hemophilia there is a prolonged 
clotting time. This is due to a deficiency of 
factor tllL 

(6) The coagulation time is normal in 
thrombocytopenic purpura. This is explained • 
by the fact that only a small number , of 
thrombocytes need be present for normal co- 
agulation to take place. , , 

, (7) When heparin is administered as a 
therapeutic anticoagulant/ its effect may be 
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deterniined by' the degree of proloiif ation'of 
the coagulation time* \; 

(8) The method of measurement of the 
coagulation time by the use of capillary 
blood dra%vn into a capillary tube is com- 
pletely imreliable and should never be done, 
since the sample contains a large arnount of 
tissue fluid. Furthermore, the volutne of 
blood in a capillary tube is difflcult to con- 
trols A capiljary tube teahnique using venoite 
blood has recently been described as having 
a high degree of acctiracy, ■ ~' ' 

e, Normal Values: 

(1) Glass Tubes? ' . , ' . . 

(a) Five to 15 minutes at 37^ C. 

(b) Up to 20. minutes at room tem- 
perature. 

(2) Polystyrene or SiliconiEed Tubes: 
Twenty-^five to 45 minutes. 

(3) Activated Clofting Time: Up to 2 
minutes45 seconds. . < 

6-|8.' Clot Retraction Testr ^ , 

a. Principle. Whole blood is allowed to clot 
and, as it clots it expresses seruni. The clot 
retracts due to the action ;of platelets on 
fibrin, * ' 

b, Procedurer . 

(1) Withdraw 2 ml of venous blood 
using the two-^syringe technique 

(2) Place l"^^ ml of blood into, each of 2 
glass test tubes a^d immediately incubate inr 
a 87^ C water bath. Inspect the tubes/ih 1 
and 24 ho^rs. ' 

(3) Examine the tubes for retraction 
dfter incubation. Separation of the clot from 
the test tube is complete retraction ( +4) . 

, . (4) At the end of 24 hours you may 
wish to measure the amount of= expressed 
serum. The- per cent Iferum^.expressed is caU , 
culated as follows' 



. ml serum 



K too 



ml blood 
c. Sources of Errors < " 

(1) A fibrinogen deficiency causes a 



small clot which can be Intevpreted as adlc^ 
quate retra^ion even- though Jt is inade- 
quate, 

\ , (2) Active fibrinolysins ciiuse the clot 
to dissolve. Tlie presence of erythrocytes in. 
the expressed' serum siiggests the presence of 
flbrinolysins, ^ 

(S) Certain anemic patients, with a 
* low hematocrit value, show increased, clot re- 
traction due to the formation df a small clot. 

d. Discussion: - ' 

^ . ■ 

(1) Poor clot .retraction occurs in 
thrombocytopenia, quali-tative platelet defl- 
ciency^ and in cases of increased red cell 

mass. ^ 

(2) The cl©t retraction ' is normal in 
hemophilia since there are a nbrmal number 
of platelets, However, the onset of contrac- 
tion is ,Qfteh ^delayed in blood samples from 
hemophiliac patients* . . 

^ (3) Tubes fron^ the completed venous 
coagulation time can be used to perfornr^ 
this test; ■ " . . 

(4) Attempts to quantitate the clot re- 
traction test -are generally 'unsuccessfuL 

e. Normal Values. A hdi^mat clot retracts 
from the sides and bottorii of the. test tube 
within 1 to 2 Hours andj expresses 45=60% 
of serum after 24 hours. ■ 

6-14. 'Tourniquet Testi 

a. Principle. T'he fragility of capillaries is 
determined under increased pressure. The 

' pressure partially obstructs the venous re- 
■ turn from the arm and increas^ intracapil- 
lary pressure. The "number of petechial 
hemorrhages reflects the degree of capillary 
fragility. 

b. Procedure: * , ' 

(1) Place, a; blood pressure cuff on the 
patient's arm and inflate it to a point mid- 
way between the systolic and diastolic pres= 
sure. ' ' . ' 

(2) Remove the ciiff and wait 2- min- 
utes. 
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(3) Examine a representativi 
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area (a 



circle about 2 J. centimeters in diarheter) on 
the hand br arm for the presence of pete- 
chiae, , " ' 

(4) Grade the number of petfechiae as 
follows: 0-^10 ^ l+> 10-^20 ^ 2 + , 

and over 50 equal 4 + . 

• I" , . • " 

. c. Sources of Error: ' ' 

- ^(13; Mistaking skin blemishes for pet^^ 
chia increases the number. Note W^in blem- 
ishes before'the test' 

(2) Capilj&ry fragility varies at differ- 
ent sites. ^ . , _ 

; / (3) Maintaining the pressure too long 
causes false positives, ' 

\ d, fiiscussion r , - ^ , | 

*(1) The tourniciuet test is a crude tes^ 
to determihe the abijit/ of blood vessels to 
withstand trauma and should not be used 
as a screening test fop surgery. , \ 

(2) Increased vascular framlity 
sometinqe^ found in qualitative aril^uanti- 
tative *piatelet defects, vitamin CJ^clency, 
dietary ascorbic acici deflcienei^y^fid in the - 
various purpuras/The ternj "puTOura" is tot 
specifla but applies to & number of affections ■ 
chamcterized by bleedii^ into tissue. ; . : 

(3) The tourniquet test is most often 
performed by the physieian; ! 

0-^10 petechial per 2,5 



e. Normar Value 
• crti^aresi ; 



6-1.1 Partial Thromboplastin Timt 
(ActlvatedJ: 

a. Principle. NormaLcitrated plasma con- 
tains all clotting factors , except calcium ions 
and platelets. Calcium^ Jons and a partial 
thromboplastin (platelet-like substance) is 
added, to the plasma and the\ clotting time 
recorded,. An activator is added to -make 
activation of the plasma Independent of the 
surface of the tube, 

^ b.^Reagent^: 

v(l) Activated Paryal Thromboplastin. 
This Wgent Js available from commercial 
sources. * * k 



^(2) Calcium Chloride, . a025 M. , Add 
2.77 g calcium chloride to a l^liter volu= 
metric flask. Dilute to the mark with dis- 
tilled water. - " 

^ '(8) Control Reage;it Obtain a suitable 
normal control from the Federal Supply Cat- 
alog or use plasma from a normal subject. 
, Abnormai controls are also -available from 
the Federal Supply Catalog, 

c. Procedure: ... ^ ^ 

(1) Combine 9 parts of freshly col- 
lected blood with one paiit 8.8% sodium cit- 
rate. 

' (2) Mix well and centrifuge for 5 min- 
utes at 2000 rpm^ immediately after draw- 
ing the blood. Remove supernatant plasma 
and refrigerate until ready to use. Plasma 
must be tested within 3 hours. 

^ (S) Place tubes of activated partial 
thrombdplastiri and 0.025 M calciu A chloride 
in 37^ C water bath. Incubate iov ab^ut 5 
/ minutes. ^ ^* ^ 

^ (4). Pi|et 0,1 ml of activated partial 
^thromboplastin Jnto the^ desire4 number of 
tubes (prepare three, tubes for each un- 
known and one for the control), V 

(5) Add 0,1 ml of patient's plasma or' 
control to'^^the tubes. Shrike well and incubate 
for2=4minutesat37^C. , 

' ■ ' (er^fter the W minute incuba^^^ 
pmod, shake well ; then fl>rrfbly blow 6.1 of 
0.025 M i^lcium chloride inio the test mi 
ture and simultaneously start; a stopwatch. 

(?) Return the tubes to the incubator 
and after 30 seconds tilt the tube^ and ob- 
serve for clot formation, 

<8) At .least two answers should agree 
within one: ttcond. - Take an average for the 
final answerVAlways report the control, 

d. Sources of Errbr:^ ^"^—^^ \ 

(1) Ptoma must be.prepai^ed with care 
without disturbing the buffy coat. 

(2) If plasma is left at room tempira- 
ture, the test"* must be perJormed %vithin 45 
minutes. Otherwise plasma can be stored at 
4^ C for 8 hours.; 
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(S) Clean glassware and' accumte pU 
petting are egseiitial for valid results. ^ . 

(4) Do not use sodiuni oxalate as ^n 
.. . anticoapfulant. Sodium citrate is it better 

preserVatiye and activates plasma faster. ' 

(5) Tubes rnust \m shaken tliwoughly 

* before and after incubation to infure ade- , 
. quate mixing. ^ 

e, Discussijon: 

(1) A partial thrornboplastin is unable 
to compensate for a deficient plasma faetor. \ 
. A tissue thromboplastin give^ a liorman ' 
value in this test with a deficient factor. / 

' , 42) TKe activated partial; thrombopias- 
'tin reagent provides maximum surface ex- 
posure fQr^the test to be valid. 

(3 ) This test is an overall screening test 
for. all three stages of coagulation with the 
eScceptioTi of factor VII, calcium and platelet 
factor 3^ • • . 

■ (4) *the^ partial tArombbplastin time is ' 
prolonged in all deficiencies of prothrortibin 
/ and factot V,^ as well as defijciencles of all 
the plasml factors in^ the intrinsic, system. 
' -Jo exclude an ahnormality in the extrinsic ^ 
system, a prothrombin time teat should be 
perfovmed on all abnormal plasma. 

(5) In conjunction with the prdthrbm- 
;- bin timr the following deficiencjtes ean be 
determined: ' * ? 



PTT 



PT 



peficienm/ 



Abnormal Normal 



Abnormal Abnormal 
NoTmal 



Stage li factOFS VIII, 
IX, XI, XII 
.Fibrinogen, Prothrom- 
bin, ^factor V, and X 
Abnormal Factor VII 



^(6) A differential partial thromboplas- 
tin ^ime is^performed to d^ct the specific 
deficiency. . ^ 

; f,,.Normal^ Values: Less tha^ 35.0 seconds, 
whert using^citi^a'te anticoagvdant. 

• ■ i = . _ 

One-Stage Prothrombin Time: 

a. Principle. When optt'mal amounts of 
thromboplastin, calcium»^and, citrated plas- 



ma are mixed unde^v carefully controlled 
conditions, fibrin strandp will normally form 
within a matter of k^conds. Thi intervirf 
during which time reactiOTi occurs . is the 
brothromI)ln . time, Thisr t^t riieasures th4 
overairprothroml^n activity of plasma.* 

- b. Reagents: 

(1) ThrombopUstln, / Available from 
the Federal Supply Catitiog>Galcium added. 

(2> Plasma, Human, Abnormal, Diag= 
. nostic. Available from the .Federal Supply 
Catalog. . ' 

(8) Plasma, ^ Human, Normal Diag- 
nostic. Available from the Federal Sup-' 
ply Catalog. ' . 

(4) BloocT Collecting Tube' With Sodl-^ 
um Citrate? AvaUable from the Federal Sup- 
ply€atalog. Contains 0.5 ml of 8.8% sodium 
cftrate. . . / ' 

Procedure^ . 

: ^^Add exaotLy 4,5 ml of blood to the 
■ ti^oe^ffiainijtig .0.5 of 8.8% sodium citrate. 

(2) Centrifu^ 5 minfttes at 2,600 rpm 
:;as' soon m possible. Immediately i^move 
pJasma to 12 x 75 mto t^st tube and refriger- 
ate until ready to use. 

'(S) Prepare^ thromboplastin as de- 
sci:ibed -by package insert. ^ 

. (4) Jncubate: tl^ yiTOmbopIastin, pa^ . 
tlent plasma, and control plasmas for 5 min- 
utes in a 87^ C water bath^ Plasma may not 
be jncubated for more than 10 minutes, as 
. -htat destroys factor VIIL 

(5) Pipet 0.2 ml of thromboplastin, 
into the desired number of tubes. , 

* (6) Blow in 0.1 ml of patient or con^ , 
trol plasma, simultaneously starting a stop- 
watch. , ' / . r 
(7) Incubate at 37^ C for 5=6 seconds. 

X8) To readVwipe the tube dry and 
hold toward an Wequate light source. Tilt 
tube very gently once or -twice and observe, 
for appearance of the fibrin web which is 
the endpoint._ , , 
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(9) Run the patient ^plasma and GOn- 
./ trol in triplicate. The, three tletermlnations 
shoiUd affree as follows: , 

^ Froikromhm time Varicftion 

12-20 aeconds .0,5 second 

: , : 20=30 sejponds " 1,0 second 

O^r 30 seaondg 2.b second 

d. Sources of Error: ' / * 

' (1) Timing is critical. The stopwatch 
must be started the instant the plasma com 
tacts the thromboplastin, and it must be 
stopped immediatel^when the clot forms, 

(2) Thromboplastin must be prepared 
as stated in the manufacturer's directions/ 

(3) Avoid traumatic venipuricture^ 

(4) Tourniquet application must not 
be prolonged/ 

--^^ . . ^ . - .-. 

(5) The test must be , accomplished" 

within 3 I'Siurs after collection of the blood 
specimen. If the test is- not run immediatelyj 
refrigeS;ate the plasma ^md thromboplastin. 
Refrigv#r£it€d plasma is stable for a maxi- 
mum of 4 hours, - • ' 

(6) * The blood jnust be added to the 
anticoagulant immediately to avoid, clot for- 
mation, 

(7) The test must be performed at the 
temperature of 37^^ ; Incubation must not 

be prolonged'. ' - 

^ ^ . ^ ■ ^ 

(8) Clean glassware is essential. After 
each"^ iise* th^ glassware, must be* scrupu- 
lously cleaned with soft soap and test tube 
brush and thoroughly I rinsed. Synthetic de- 
ter^nts shouid not hi used. Unscriatched* 
glasswa,re reserved j^fely for prothrombin 
determinations^haffW be utilized. \ 

(9) The use oi/sodium oxalate as anti- 
coag^ilant decrease^^the activity of/factor V, 
Use sodium citrate as stated in the proce- 
dure, . 

(10) The tjiromboplastin reagent must 
be tested for constant potency. This is de- 
termined by analyzing the normal cbnt^ 
pjasma. . = 

(11) Hemolyzed plasma must not be 
uAed. ■ 



.Discussion: >. 

(1) The prothrombin .actiyity may be 
Reported .in percentage as well as in seconds 
by applying the patient*s proth^'ombin time 

, (in seconds)^ to. a prothrombin acti\T:ty 
curve. Curves for different normal controls 
are, supplied 6y the Tnanufacturer.' If the 
plasma dilution curve is to be prepared, 
whole normab^asma must be diluted with 
prothrombin free <plasma. Saline should 
never be used in making the dilutions. The^ 
percentage activity should never be calcu- 
lated by dividing , the^ normfd time by the 
patient's prothrombin time, . ' 

(2) The prothrombin activity of a pa- 
tient's plasma has important diagnostic , and ^ 

^ prognostic significance in diseases of the 

liverrin vitamin K deficiency, and in the us^ 

of dicumarbl as a therapeutic anticoagii]ant/^ 
* \ ' ■ - - 

(B) Prolongation of the one-stage prc^ 

tiirombin time does not measure i)rpt}fromy 

bin deficiency alone but rather indicates' sope 

failure of conversion of prothrombin-'^ to 

thrombin. Specifically, the 'test detects ' defi- 

cencies of factors I, II, V, VII or yarying^ 

reductions "in any one, or combination, of 

these factors prolong the one-stage prothrom- ' 

bin time. V ' ' » >' 

(4) This test is ^velJ ;adapted for Fi- 
br6meter use, v - - 

f. Normal Values: 12-15 seconds, . 

6-*17, Prothrombin Consumption Timei. 

" *a. Principle, jroihrombin is partially 
used up in the ndrmal clotting process. The 
amount of prdthrombin remaining in serum 
indicates the\^;dequacy of the thromljoplas- 
tin cojnple.^1 Tlie time required for a clot to 
form. w1ie;f optimal amounts of tltl^'omboplas- 
tin, fibri^iogen, factor V, calcium, and ser^m 
are mixecHis the prothrombin consumpoon^ 
time, ' \ ' 

b. Reagents: 

:/l) Thromboplastin. See paragraph 6- 
16b(l). 

(2) Normal Ad^Qi^bed Plasma Reagent 



■ . ■ : ■ 

5^ 9 parts of freshly collected, 
normal bloo^^th 1 part 3.8% sodium cit- 
rate. / I 

(h) Centrifuge at 2,000 for , 5 

minutes and remove supernatant plasma, 

(g) For each ml of plasma, add 100 
mg of chemically pure barium.^ulfate (see 
Federal Supply Catalog). 

(d) Mix well for 3 minutes and al- 
io w' to stand at room, temperature for an ad- 
ditional 2 minutes to complete adsdiiptiqu. 

(e) Centrifuge the material and the 
upper three-quartej's of the plasma, 

, (f) Perfoj'm. a prothrombin time on 
the ud^Rorbed plasma. The prothrombin tirne 
should be grater than 60'secdnds ; if ptft* 
repeat the absorption. NOTE r Barium sul- 
fate-adsorbed plasma is ayailable commer- 
cially. Also available is a reagent containing 
flbrinogen, factor V, thromboplastin, and 
calcium. - * * 

c, Procediire: - 

(1 ) Draw 5 ml of blood by a nontrau- 
matic venipuncture. 

(2) Place the.blo^ in a test tube and 
ft:lIow it to clot at room temperature, 

: (3) Place the clotted blood in a 37^ C 
^water bat-h for 1 hour. * 

(4) Centrifuge the specimen at 3,000 
rpm for 3 minutes- and' transfer the serum ^ 
to another test tube. / s , 

{h) 'Place the serum, thromboplastlnj* 
reagent, and bariUm sulfate^adsorbed plas-*^ 
ma in a 37- C water bath for .^ minutes to 
equiltbrate to that temperature, 

(6) Pipet 0.1 ml of serum, 0.1 ml of 
barium sulfate-adsorbed plasina, and 0.2 ml 
of thromboplastin reagent into a Kahn tube*: 
in that order, starting a stopwatch aimulta- 
neottsly. * 

(7) Determine the time for^the clot fo 
form as in the one-stage prothrombin time. 

(8) Ftepeat the procedure, commencing 
with step 6, for two other determinations. 

(9) The three determinations should 
agp-ee as follows: ' 
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d, Soilrces 
a6d. 
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2.0 seconds 
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O.fj second 

0. 
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of Error, See paragraph 



» .e. Discussion: 

(1) Patients ha^Oing decreases or de- 
fects in the thromboplastin complex (throni- 
bocytopeni^U hemophilia, deficiency in 

, pFasma thromboplastin antecedent .or com- 
po n e n_ t ) wi 1 J not u-tfe" u p no rm a 1 amounts of 
prpthrbmbin in the clotting process. The ex-* 
cess of jesidtial prbthrombin in the serum 
wjll result in a serum prothrombin time of 
less than 20 seconds. 

(2) Administration' of heparin will 
serve to sliorteii the prothrombin consump- 
tion time as well as prolong the **Lee- 
White'' clotting time. Dicumarol, on the 
other hand, will have no effect upon the 
serum prothrombin time, even ^ while pro- 
longing the plasma prothrombin time. This 
indicates that dicumarol has no influence 
upon the thromboplastin cornplex. 

. (3) Normal results are consider^ valid 
^only if the one=stage prothrombin timf is 
normal, , ^ 

/ (4y The te^t is abnormal in' platelet 
*deficiencjes and deficiencies , of factors/VIII, 
IX, X, XI, and XII. ■ ' . 

' t (5V It is important that the barium 
sulfate-adsorbed plasma bl deprottirombin- 
ated. sumciently to give a prothrombin time 
'of ov^^ 1 ^inute. This reagent is a source 
of fibrinogen and factor V, since they are 
dised up in the formations of a clot. 



f. Normal Values: . - . ' 
(1) Longer than 30 seconds 



(2 
(3 



NormaL 
I 

Twenty-30 seconds: Doubtfuh 



6=18 



Less than 20 seconds' Abnormal. 
Thromboplastin Generation Time^ 



a. Principle. A' potent thromboplastin^ is 
generated when platelets, protl>Mmbin-f ree , 
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. ^ plasma, seruin, *and calcium ai^ mixed. 
^^4fter generation of the thromboplastin, 
air factors necessary to prqjluce a clot are 
. present except for factor I and factor *IL 
When these factors are added to a normal 
thromboplastin generation niixture, clot is 
det^ted' within 7^16. seconds. With an ' ab- 
normal ^^me, deflcient factors are identic 
fled by substituting Cidsorbed patient plasma 
or aged patient serum. 

' b. Reagents: 

.(1)^ Normal Plasma Substrate. Avail- 
able from the Federal Supply Catalog/ This 
Qontrol is used as the soui'ce of factors % 
II/V, yiI, andX. 

(2.) Partial Thromboplastin (Platelet- 
lil|e Substance). Available from, commercial 
sources. 

(3) Normal Adsorbed Plasma Reagent, 
See paragraph 6=17b(2). The .adsorbed 

' plasma is the source of faotors V, VIII, XI, 
and XIL Dilute normal adsorbed plasma 1:5 
in saline (0.85% NaCl) ^d allow to stand 
for 1 hour at 4^ C, or in an ice bath before' 

' use, \^ •■ / 

(4) Normal Aged Serum. Add 2 ml of 
freshly<Irawn blood to a clean 13 x 10^ test 
tube ^nd allow to' clot at 87^ C for 4 hours. 
After the incubation, centrifuge and remcrve 
the clot. Dilute the serum 1:10 with 0.85% 
NaCl (saline) and allow to stand for 1 hour 
bafore using* 

(5) Calcium Chloride, 0.025 M. Add 
0,277 g anhydrous .calcium chloride, to a 
100-ml volumetric flask, Di^itejo the mark 
with distilled water. 

(6) Patient^s Adsorbed Plasma Rea- 
gent. Prepare in the same manner as normal 
adsor^bed plasma, .substituting patient's 
plasma for normal plasma. = 

(7) Patients *Aged Serum Reagent. 
Prepare in the saAe manner as normal aged 

^ serum substituting patient's serum for nor- 
mal serum, 

c. Standardization of Control Regents: 



(1) Pipet 0.1 ml of a025 M calcium 
' chloride into three 12 x 75 mm test tubes, 

: (2) Place test, tubes, of 'the following 
' reagents in a 37^ p water balb: 

(a) Partial thromboplastin reagent* 

(b) Normar plasma substrate, 

(c) Norrharadsorbed^plasma. 
' (d) Normal aged serum. 

(e) 10 ml of 0.025 M calcium chlo- 
,ride. 1 V 

(f) l^ur Uibes containing 0:1 ml "of 
0.026 Mcalcrtwpchloride. . 

^ AS) Prepare a generati^i mixture by 
adding the following reagents to a clear 12 
X 75''mm test tube: 

(a) 0.2 ml partial thromboi3lastin 
reagent/ 

(b) 0.2- m? normal adsorbed plasma 
reagent. 

, ' . .1 ■- 

I .(c) 0.3 ml normal aged serum rea- 
gent. 

(d) 0.2 ml of 0.025 M calcium chlo^ 
ride, simultaneously starting a stopwatch 
or automatic timer. 

(4) At 1 2 minutes pipet 0.1 mhof the. 
generation mixture .into the first tube con- 
taining 0.1 ml of 0.025 M calcium chloride. 
Immediately add 0,1 ml of normlal plasma 
substrate to the tube, Simultaneously start- 
ing a stop^^atch. . . - 

(5X Check fpr the first formation of 
a clot using the tilt-tube method. (If avail- 
able, substitute a Fibrometer for detection 
of clot formation.) 

(6) Repeat ^Jeps 4=5 at 4^6, aiid 8 
minutes, 

^/ (7) The normal range for the control 
reagents is 7-16 seconds for clot formation. 
This range is obtained within the J to 8, 
, minute generation time. 

d. Test for Patiei|f Deficiencies: 

(1) Repeat the jfirocedure for standard- . 
ization of control reagents, substituting pa- 
tient's aged serum for npiTOal aged serum 
and patient's adsorbed plasma for normal 
adsorbed plasma. 



6^14 
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(2) If there is a tnarked difference be- 
t%Yeen the' nornial generation time and the 
patient's generation time, repeat the test, 
substituting normal aged serum and normal. 



adsorbed- plasma; one at a time, for the 
patient's reagent in the generation mixture^ 

e? Interpretation: 



Adsorbed 


Aged 






Deficient 


PlasTna 


S^rum * 




^ PTT ' ' , 


Factor 


Abnormal. . 


. _^ . Normal. . 


Abnornjal 


Abnprnml 


^ V. /-J 


Normal 


Normal 


Abnormal 


Normal 


VII 


Abnormal- 


Normal ■ , 


Normal ■ ■ ^ 


Abnormal 


VIII 


Normal 


Abnormal 


Normal 


Abnormal 


IX 


Normal 


Abnormal 


Abnormal = 


Abnormal* . 


X 


Abnormal 


Abnormal ^ 


■ Normal 


Abnormal 


XI 


Abnormal 


Abnormal 


Normal 


Abnormal 


' XII 


Abnormal . 


Abnormal 


Abnormal 


Abnormal 


. Inhibitor 



t Sources of Error: ^ ' / 

. (1) All reagents must be freshly pre- 
pared each day. ^ 

(2) Tubes of plasma ^^testrate .left at 
room temperature are unreliable. I 

(3) All U,S,P. barium sul^t^preparav 
tions are not standard in reactiom Factor IX 

j|t times may be incompletely removed. 

M[ ^ (4) Antithromboplastin activity in 
bipod prolongs TOT, and accounts fpr some 
double deftciencies. ^ 

(5), This is n6t a routine raboratory . 
proc^m-e; consijJerable techpologist skill it 
reqtfired. ^ \ ^ _ 

. (6) A iclpt can form when the genem- 
^ tidri mixtule is prepared. This- is removed 
with a wooden applicator stlclc, \ 

(7) Oth4' sources of error cdn be 
d in .paragraphs 6=15d and 6=16d. 

Discussion! 

(1) A platelet deflciency can be de- 
tected by the TGT, This is done by prepar-^ 
ing platelet-rich plasma? and sub|tituting it 
for^he partial thromboplastin reagent. An ■., 
abnormal generation time is noted in a pa- 
tient with platelet deflciency. 

' (2) The TGT reveals abnormalities es^ 
sen*tial to the development of thromboplastin 
activity in the intrinsic blood system. 

(3) The TGT should be correlated with 
the PT and PTT to , determine the specific 
abnprnriality. 




(4j Adsorbed plasma contains fatfers 
V,*VnL XI, and XII. If the TGT is pro^ 
longed when ^patient's adsorbed plasma is 
substituted for r^ormal adsorbed^ plasma, 'a 
deficiency in one or more of thfisevfagtors 
isindicated, . ' 

(5) Aged serum contains factors IX, 
X,, SlJ^nd XIL If the TGT is prolonged 
when patient's aged serum is substituted 
for normal aged gerum/ a deflciency in one 
or mo.re of tKese factorsjs'indic^^^ ^ 

(6) - Factors XI and SIII arevpresent' 
in adsbrbed,:plasma: and aged serum. A de- 
ficiency iji' eitheV' of; these factors prolongs, 
the TGf. Determination of the specific fac-;. 
tor deftciency is, done by the physician . on ^ 
the basis of clinical grounds. ■ 

h.^ Normar Values. Clot formation time' 
of 7^16 seconds within 8 minutes genera^ 
tion time. ^ 



6-19. Thrombin Time^ 



a. Principle, A known amount of throm- 
bin .is* a^ded to plasma and the time re- 
quired for clot f orniation is recorded. 



Reagents: ^ ^ \^ 

Thrornblrt, * 5000^ Units per ml, ^ 
le from the Federal Supply Cata^ 



laik 



Aval 

log. ^ ^ ' ^ 

(2) Stock Thrombin Solution, 500 
Units per mi. . Reconstitute the thrombin 
.with 10 ml ol saline (0.85 percent NaCI)/ 
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' ; . '(3) Working Thrdmbin Solution, 10 " 
MJnits per, mL ■-Dilute the stock splution 1:50 
witt saline (0J5 percent NaCl).^ ^ \ ^ ' 

(4) Oontrol Plasma. Availabre Federal 
Supply Catalog, ' 

Pivocedure: - v . 

(i) Obtain 4.5 ml of venous blood and 
add to 0.5 ml sodium citrate. Mix wfell. 



<2) Centrifuge 



and separate the 



(3) s incubate patient / plasma, control 
plasma, and thrombin ^plution iwS7° C water 
\ bath for 3 minutes. - 

(4') Pipet 0.1 ml of control plasma 

and i j ml of thrombin solution^nto a clean 

test tube, simultaneously starting a stop- 

watrfi, Observe for clot formation* 
' . . . " ■ ■ ^ ^ 

(5) Repeat step (4) for the patient's' 

I [ . plasma. ^ - ^ r = ■ ■ 

d. 'Sources of Error. See paragraph. 6- 

i6d. ; r / ^ — ^ 

^ Discussions/*.;.^ 

(1) The thrombin time is^^l^^S^ 

. ■ ftbrinogenOeveis belgw 100 tng per dUJpFe&- 
ence of fihrinolysins, and preseyf fee : cir- 
culating anticoagulants. , . 

(2) Low concentrations of fheparin in 
the patient*s plasma mAy not pe observed 

f ^Vtvy ' this = t^t. To "detect' small amounts of 
* heparin, thrombin is dilutedj and normal 
and patient's plasmas thrombin times are 
determined. A prolongation of the patient*s 
thrombin tim^ over that of the normal at 
some dilution indicatei'an antith'rdnibic sub- 
stance. \ ^ r'--\^ , ..i>-^- 

(3) To perform the antithrombin t^t,^ 
d i hi te ^ th e worki 1% th rombi n 1 : 2, 1:4, 1:8, 
1:16, and 1:32 with saline. Then follow the 

^ pmceclure for thp thrombin time test using 
the dilutrons. > , ; . 

f. Mttrmal Values: ll=li second^, 
6=20. Fibrinogen Assay (Semiquahtitative)^ 

a, Principjei^, ^ibrinojeni a plasma glob- 
ufin formed; fn the liver, Is salted out by, 



64s 

measured with a 



ammonium sulfate ' and 
spectrophotometer. 

b. Reagents: ] . 

(l)\Parfentjev Reagent Add 133.33 g 
ammonium sulfate, 10,0 g NaCl, and 0.025, 
g^ merthiolate to a" IJiter .volumetric flaBk. 
Dilute to the mark with distilled ^ater. 

. (2) Saline (0.85 Percent NaCl). Add 
8.5 g sodium chloride to, a 14iter volumetric 
flask. Dilute to the mark with distilled water, 

(3) ^Fibrinogen, U.S;P, Available from 
the Federal Supply Catalog. 

(4) Fibrinogen. Stock Standard, 500 
mg per dL Add 500 mg of fibriiiogen to a 
lOO-nil vdlu metric flask. .Dilute, to the mark 
with saline. 



c. Calibration Curve: 

(1% Prepare' the following di 
the stock standard: 



s of 



Fihrogin S^sk 
Standard 

2,5 mV 



Saline 

2,5 rnt^ 
d[6 mi 
13 m\ 



Coiicentra tion 

5O0 per 4l 
350 mg'; per. dl^ 
t50 mg per tIU;, 
125 mg per ^dU^^ 



*(2) Sat up the following cuvets foi* each 
standard: . ■ ^% 



BlayikCumt - 

0=5^ ml 'standard 
4,5 ml saline 



T^HCuvet 

0,5^ml standard 

4,5 Pa^^fentje\r reagent ^ 



(3) Three minutes after addition . of 
the Parfentjev reagent, sli^fe the cuvets 
vigorously^ and read the absorb ah ces of the 
test cuvets at 510 nm with, the blM'k set. at 
zero absorbance. IT^.^ * ' .^^^ 

(4) nPlot absorban'"cd versus concehtraT 
tioft on linear graph paper. ^ ; 

d. Procedure:' 

(1) Draw 4,5 ml of fresh venous blood 
and add to a test tube containing 0.5 ml pf; 
3.8% sodium citrate.' 

(2) Centrifuge and separate the 
I^lasma. < 

/ (3) Set up the following cuvets for each 
unknown plasma: . 



6*16 
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OJ ml plasma 
"": 4 J. lalirie 



.= Uriknmvn * = 

. 0,5 ml plasma 
4,5 Parfentjev reagent 



(4) Threa minutes ^after ^ddition of 
the Parfentjev reagent; shak# the cuvets 
vi^oroiish^ and read the^absorbanc^^^ of the 
test cuvets at^SlO nm with the blank set at 

^Wfor^bIor!MncetT^~^^^^r^^^ ™ '^^ 



— (5) Obtain the fibrinogen cbncentra- 
tion from the caUbnition curve. , 

Sources of Error: , - 

^ (1) The ParfentjeT ^reagent deterio^ 
rates after two \yeeks of storage. Prepare 
f resh^eveiy 2 %veeks/ 

(2) The fiMinogen has a potency' for 
60 months. Do ^npt use outdated ftbrinogeii 
to prepare standards. J ' ■ 

,(3) The prQcedur^^ is limited as. it 'is 
.dependent Oh time^ temperature, anticoagu- 
lant, ^m'd concentration of other proteins, 

f. Discussion! ^ . ' . 

(1) Although the procedure is limited, 
. a rapid determination can be obtain|cl when 

adequate fibrinogen' level^. are presto ' . 

^(2) Screeiiing prociedures, in kit form, 
are available commercially, \\ 

(3) . Pibi^inogen is essenkal to clot for- 
mation in stage 3 of the clotting mfechanism. 
Bleeding if encountered wh%\ the plasma, 
fihriogen level falls below to m^ per dh 

; ^"j-^j(4) ^ A dolorimfeteric flbrinogen proce- 
dure is outlined:iii AJM ; ; 

g. Mormal Values :>io^r^OO in^i,p^^ ' 

6-21. Plasnia Recalciflca^ipin Time: - : 

a. Pri nciple. Calci um. , .chloride is" addect , 
tp plasma. and the clotting'time recordedi/ : 

b. Reagents: . 

((I) Calcium Chloride, .0-025 M. See 
paragraph 6-1 Bb (5). 

(2) Sodium, Citrate, 3.8 Percent. Avail- 
able from the FederaKSupply Cataldg. 

' t'.'r.- :■ 

c. Procedure: . . j , . - 



(1) Draw , 4a ml of fresh veiipUB blood 
' and add, to 0.5" nil -of ft,8% sodKim ^citrate, 

.: (2) Centrifuge at 2,500 rpm for 20 
minutes apd sep£lrate the plasma, v 

Add* 0.2 ml of patient*^< plasma:' 
and 0.2 ml of normal teohtrol plasnia^to two 

^iestJ;uIjfiaJu.a.a2i^tfat 

(4) Add 0.2 ml of 0.025 M calcium, 
chloride to each tube, simultaneously start- 
ing a*stopwatch. ' '.y ' ■ ^ ; ^ . 

(5) .Tilt the tube every 80= seconds for 
the first 90 seconds. Remove the tube and 
observe for*clot formation. 

d. Sources of Error: V' 

(1) Platelet-poor plasma must be used 
in-^he test. Platelet-rich plasma shortens the 
recalciflcation time. > ■ ^ 

(2) The te|t is dependent on the plate- 
let count, concentration of plasma clotting 
factors, time of storage in gUVss, and the pres- 
ence of clrcul^tiiTg' anticoagulante/ 



(3) See paragraiDh 6-15d 
sources of error. 'J' 



for other 



e. Discussion; ' ' - 

(1) This .test is the basis for other 
coagulation procedures. 

(2) An abnormal resiilt^ occurs in .de- 
ficiencies of factoj^ VIIIp IX, X, flbrlnogen,v 

= and the presenceV=:f#-.^ circulatirig' antitd'- ^ 
agulant. J' : ^ ■ ; . \ 

f . NormalValu^ ! 90^120 secoridB. ^ ; - 

6-22i, Detection of a Circulating 
Anticoagulant: 

a. Principle. Ah atinorMal recalcificatibn 
time is not. corrected 'liy the additidn of ' 
normal plasma if a circulating anticoagu- 
lant is present. 

b. Reagents. See paragraph 6-2 lb. 

G J Procedure: * '^li 

(1) Obtain citr^ted j^fasma from a nor-^ 
,mal donor and from the patient. ^ • 

(2) Set up the following mixture in 12 
X 75 mm test tubes: 



3 



': oMo ml 

. p,l5 ml % 

0.10 ml oao ml 

U05 ml ^ 0.15 ml 

\0,02 mf ^ 0,18 ^nl 

" 0 ' ; 0;20 ml 



. Normnl Patierit^s 
Plasma . Plasma? 



O.Ori ml 





tidii, loosen the 



10^ _ 
Contf 61 



. , (3) Add p:2 |TiI Of s0:02 M CaOlu to 
each . tube a'nrii' determine the plasma 'recall 
ciflcriMon time (see 6-21) on each.tiibe. 

d, I^terpretatipn^ , .1'./; ^ 

( 1 ) . The ' ftbiiQimiil recalcifica^ion' time 
r is corrected, by nbj'mal plasma if no circulflt- 

ing anticoagulant is present, 

(2) A, cirduJating ahticoagulant pres- . 
ent in-patient's plasma prolongs, the recal- 

^.ciflcatidn'tim'e of jiormarpla ^ ' ■ 

Detection of factor XIII Deficiency" 

a. Principle, Factqr XIII converts^^a^ 
looselyWinkedj fibrin c^Iot (in the presence 
of cAI;cium ions) into a tough geL The welW 
■forrned clot is insoluble in 5 M urea. In the 
absence of factor XIII; the clot lyses within 
3 ndui^s,. V ■ ' 

, b; Reagents: ^ i;' \; ■ 

. V (1) Sodium Citrate, 3.8%. Available 
from the Federal. Supply Catalog,. . . 

(2) Calcium Chloride, 0.02i^^M:-See^ 
paragraph 6-18b (5). ■ ^ 4^ 

(3) JtJrea Solution, 5 -Add 30 g of ; 
urea to a JOO-ml volumetric flask. Dilute to 
tht? mark with distilled- water. 

c. Procedure: 

(1) Draw 4j1 ml of fresh venous blooVl 
and add to 0,5 ml of 3.8% sodium citrate,. 

(2) Centrifuge ^ at 2,500 rpm for 5 
minutes and sepaKte plasma, 

(3) ^ipet O.r ml of plasma and Ori of 

n.02r|M calcium chloride to a clean 13 x lOO 

'mm test tube. ^ [u,,. , 
^ »^ ' 

(4) rncubate the- clot for 30 minutes 
rn a 37* water bath- 



(5) ' Aftferrthe jhH 
clot^ifl add 3 ml urea i 

'\\ {^) Observe jbKe; clot ; fbt^'lyse% a^ 
hour intervals. / * ; ' - " 

d . , InteFpretatiop, A clot, that lyses within 
Slt^.u rs i s d e fi c i e n t i n f a cto r X 1 1 1 . 

6-24 Platelet Count (Rfes-Ecker)- , - .1 

a/ Principl|;..\A vsampie of bood is diluted 
,in an isotonic a^ititioagulalit. The anticoagu- 
lant emplpyefl ;\containB a stain and serves 
. the dual^ purpose of being both affixing 
■ diluent and a staining medium, 'After mix- 
ing,^ the specimen is intfoduced into thie ' 
,t counting chanifier and the number ^f throm- 
r bocy t es i n U k n o w n voj ulrie, 4 s c gi\ n ted . - ' 

b, •Reagent. Rees-Ecker Diluting FJuid. 
Add 3.8 ;g sodium citrate, 0.2 rnl 40%, form- 
aldehyde, 0.1 g brilliant ; cresyl blue , to a 
100-ml volumetric fliisk; Dilute "tQ the m<ivk 

-with distilleH 'wateK :Fytc^r the^solutibn just 
pviov to use.^Keep^in.^Jglass-stoppe bottle 
. in the I'efrigeratprv PrepaTe the solution fre- 
quently since in ^ old solutions •the^ Jormal^^ 
hycle oxidizfs to formic acid, heTiiQlyiing the , 
Ved cells. . ' ■ ^ ^ 

c. Prod^dure: ^ ^ v' 

(1) Fill a red ^ceir diluting pipet with 
freshly-filtered Rees-Ecker solutioli and ex- 

:^pel Jtj leaving a film of - the ^solution inside, 
^^e pipet. ■ , - , . ^ . 0 

(2) Dra^AMVlood to the 0.5 mark'lh the 
red cell pi pet. " ^ " , . ^= a 

(3) Wipe the excess' blood from. the out- 
side of the pipet and dilute to the lOTmark 
with Rees-Eck^r diluting fluid. ' 

(4) Shake the pipet foi; several . 
minutes. Discharge ^a few drops from the 
pipet! "then'^dharge both chambers of a hem- 
acytometer. . 

. (5) Allow 'the thrombocyl^ to settle' 
for 15 minutes. To prevent drying," the 
counting Chamber may be placed on a damp 
towel ' aiKf covered with a Petri diih cover. 

(6). Unrlfer, highpower magnification, 
count all of ^the- thrombocytes fS^^ in the 



W8 



Ofihteiv l^aq>=mmv^iirea of -^1}^^^ the two " 
frhhrged chambers of -hemacytometer. 

*With. pi^op^i' adjustmant' of the light' and 
contuiual fine focusing,;: ^le flft'ombocytes 

; are m ^ue, hjghiy-refractile ; 

which may= ^e^ir6vlMc^^ oval, or tiomma-;s 
$hapefl' They vary' in- size^ from ; rfnei^flv^-^' 

. microjis. ; ;^ f 



d. G«ylcalat|;q,ns. Thfe volum in both cham- 
bers. 0^2 : cui Trim uai^ea x depth — 2 sq 
mm x/0;V/p^^:^ tPf^fcu mm). Tlie formLda 
for calculatiSh^of indirect platel;et 'count is^ 
-.as fallows: '..•7:;v-^ y f'^^ . =, /. 



Tdtal- p^at^>U^ts^ounte^^^^ X dilution 
- ' .K volume' : ' 



^ platelets . per 



T Qta[ platelets counjted K 20 D 



= platej^ts per cu mili 



carefiUly 



/ e. Sources of ErrortjJ.^^ - . - / 

, J " Platelet ^ ftg^iitrnsit^l^^ ipyaJidate the 
count. This.:. prevented* 'by using;'^^^crupliT 
. ,l0^sly clean glass\yart. Therefore, the fojlow-. 
IngfpreQautlons ai;a recommended: ^- 

J (a) Boil'v gpifriting chambers a^ 
cby ei'^1 i ps. f d v /2 :ho u rs in distilled water , to 
wHidh a small amount of sodium bicarbonate 
,has been f^^led. V 
= * (|h)cPipete niust be very 
cleanedj'^f 

V The diluting' fluid must ' be fr 

quentlj^\|rtei'€id or cenf rifu^ed and. stored /at 

- .2^ to 4:Pf ■ r ' -^^V' f% 

.(SX Other sources of terror as listed 
undei* red *amt wflife bloocV cells coimts iirso 
applyj^ihcluding pipetting/^rrori. These ^pro- 
ted\i^s' should be cpn|iJlt^d 

'^;j^;Move accumcy ^may be obtained 
, t h^*iri|1^h .ni s e o f t h e p h a s e ^ con t r as t ml c ro- 
.\ ,.sco|fev ■■ . 

vjfe Diseiission: ' ' . . . . 

(i) No one- method for the enum_#ra- 
t i 0 n 0 f ' t h ro m I ) o c y t es i s s at i s f a c t o ry i n ey^ r y 
^e^jfect. In experienced hands the direct pro= 
ce (tI r e is m g I'e a c c u rate t h a nt T.t h e i n d i rec t 
' /mefnod, find venous l)lood samplas are more 



"^'eprepntati^ and preferable: to. thpsb;v; 
obtained by ^dai)irilivy ' puncture, Wirec^ pl'o^' 
certures, however, , require rgreiitie^/ islc^ 
ex^eViencB for ]i-0per ^p^i'f oimitii^eljii^ nn- 
^•tdrpretation." The e;n*4r a ^^In^le count'hiij^ : 
r b&eiiV estimated toMie' about 10 jjarcent, and ' 
this Vrti^i*gin:i of ^%rro^^ can be reduced by/, 
multii)!^ counts* . ' ^ j;- ■ ■[<,.-.., • . . ; 

' 'id) A majoi^ clisaclvantaffe of; the. di- 
reef t p rombocy t e cp im t i s t h a t t h e p la t elet s 
must 7 be counted-; tuider high-poB'er nither 
tlwiv/oiJ^ipTmersio^i .nyignificat as m iiapjtF 

, iiv^tne indirect method. Because of tlW^exr. 
tremely small size^ of _ bloodi,^pjatel^tai^t'^is' :av 
conimori erroT ^tb' confuse ' th6rilt^Jtl\^east^r'' 

,del^i^vapd preciipated stain: ^'l^'' ■ ^ ■ 

/ ' (8) Due to the IhHeren^^^^Fors in thi^ 
p peed lire/ it is r ec pmm e nd^f 1 ' thtit ^ 'a t h v6p\^ 
M^yte count ^ be p^;foi'med oii^,a novmal 

pei'soiVas a control. ;;^ ' J . : 



ff. ^oi^mar 



Values: 



150,000-.35p,iDOO 



/platelets per- cu mm.\ NOTE: i^This riingp!^. 
is generally; acceptable/ but itrmust be rdil^'^ 
ized that thei-e Is a great variftnc^ in noi- 
mal values which differ \yith.ea<rfi technique^ 
laboratory^ and technician' l > 



i, 



6=^25, Platelet Couiit'::(3phaBe)r ^ 

a. Principle. JBlpod ii'^dilu with am- 
monium oxalate,' and the- -dnuted specimen 
is introdticedUiito a counting chambei^:^^^^. 
platelets ;ai)peai' roiipjdvoi^ oval, pink, pui'pi^V^ 
^or ^ve^ : bfack^ irrftt^J"^;^il phase .condenser^ 

' ; ■ h. ^ ft^ ri tX J A rtimo n i u m / ox a 1 at e, 1 % . 

' Add t/'^^of amrrionium oxalate to a 100-ml^ 
volumetric' flask/ Dilute to the mark with 
distilled water. Store in the refrigerator 
and filter before use. 

c, ^Procedure: . . 

(1) Draw 5 . ml of venous blood and 
iPimediately phice in a test tube containing 
EDTA. (If capillary^ blood is used, immedi- 
ately fill a red blood eel! diluting pipet to 
the 1 mark.) 

(2) Fill a red bldpd tf#ll pipet 
to the 1 mai^l^.iaiiri then, draw; a^ 
ox^alati to:^W,ifll mav^^^ ; ' 
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V ^:(Sj^ Shake 

: -M(4).^(card from t/3,to 1>^2 the volume : 
/.jfrom ^ RBC pipet,. then charge a special 
;; fl^t .bottoTlfi^pha% couiitrn chamber: Pla^' 
■ the:Vc6unting^ dimmber^iii a^^etri dish, cpn-- 
taihing moist s gaum and /det st^nd 16 to 
^20. mihuWs^'to^iiis complete, settling of ■ 
. platelets. . '^l.: \\/ ■ 

^ (S) Gbuht the platelets in all 2^quarea^j' 
•;of the ^aKe^- hgr^ red ! cell ' 

? ii^^f^^^^A^^^ i^ veach chamber are 
: WL^Aj^n^ cQMnt from 

'elth^/^'srde/should npt/devlafe m6re':tta :\ 
from the othigr ; count. If a ^ greater^ 

than 10 % deviatipn occin^s, repeat the count ^ 

usinff .a^fresh dilutipn and a second chani 
/ ber. ' . \ . .'-^ / " ' Ay' r A '"' ^ ' ^ ■ ^ ; 

(7) Report . th^e average of the two 
sides counted. . ' ' / ; - 

d/ Sources of Error; 

^- / ; (1) the diluting fluid must be fresh 
and free of bacterial contamination. 

(2) Platelet^ clumping' .occurs i^ 
is. delay irt adding blood to the ahticoagu- 
jant-or if 4he mixing is inWequate/ Piatelet ^ 
clumps cause invalid results. 

(B) Occasionally extraneous material 
is mistaken' for platelets. \ " : 



^ (4) Glassware that is not scruplously 
clean causes platelets to attach to the debris 
on th^ glassware. 

(6) See paragraph 6-^246. fo^ other 
spiirqes of ei^ror. 

e. Discussionr ' ' ^ - 

(1) Platelets sometimes show den- 
;dritic prdcessesjs Structures siich as dii% 

crystals, and WBCs are refractile.\ Plate- 
lets are not, The white cells are normally 
lysecl;^ however, %vith patients that demon- 
strate excessive high white cQlmts some cells 
wilj , be observed in the platelet counting 
prep, * 

(2) Ammonium oxalate insures clear- 
ing of the background by hemolysis. 



' \ (S) This; method is more accuvnte than 
*the Regs-Ecker. The main drawback to ihis' 
method is^ that special equipment is. re- 
quired. J;-,,^ . '-^ ./^ - ■ ' - 

(4) See paragraphs p=24f for further 
discussidn. r 

■ /: f/ Normal Values; 100,000 to 350,000 pa^ 
cu mm'. A ' ■ . • = ' ^ ' . 

6-26. Mttroglobuliri Aistilied Water 

_ai .Prlhcipre. Macroglobulins are precip- 
itated 'when . brought into contact with dis- 
^ tilled water, . . 

. b; Procedurer ■ 

' (1) Collect 5 ml of blood from the 
patient by vei\tpunfiture. ^^ ^ - ; 

(2) Set, tl^ blood kside for 1 hour 
to clot* and then sepstrate the serum by 
qentrifuging at 2,000 rpm. for B minutes.. 
NOTEr Gxalated, citrated, or heparinized 
plasma is also satisfactory for ^e^ perfor- 
mance of this test.\ : ^ . /^J^ . 

(3) .Place 5 ml^of distilled wateiv in 
a Wasseimann tube* / / 

(4) With a 1. ml pipet draw up 0.5 
ml of. patient's serum or plasma. Holding 
thk plpet tip close to the meniscus of the 
water, add 0.2 ^nrl of the. patient's serum 
Or plasma to the distilled water.. 

(5) Interpret results, 
c. Interpretation: = 

=^(1) Observe , the behavior of the drop 
of serum or plasma, sinkihg in the water 
and the modiflcations of color of the solu- 
tion. . ^ / 

(2) If macrogloblns are present: 

(a) The drpp will sink leaving a 
smoky trace; 

(b) The entire distilled water me- 
dium wiUpromptly assume a whitish color; 
due to the condensation of transparent, 
slimy masses.- forming a precipitate which 
quickly sinks to the bottom. . 

(8) The separated precipitate will dis- 



solve well %vhen transfer^^^^ to a test tube 
1 containing normal lal^e. \ . - 

Cryoglobulin Screening Test I 

a. Prlridple. Cryoglobulins in . serum or 
plasma are precipitated at 4° C and dis- 
solyed by temperature elevation to, 37° C. 

b. Prbcedure: 

. (1) Collect 10 ml of blood iy veni- 
^pun<^ure;and..placa a J:.m^ 
containing anticbagiilarit (citratet oxalate, 
or heparin), and the other 5 ml portion 
into a clean sterile test tube, 

(2) Incubate both , tubes immediately 

for 1 hour at 37° C. ' . 

. • ' ■ *» ' 

^ (3) One hour later, separa:te the^uper- =^ 
natant ^ plasnia from' - the tube containing 
the anticoagulant and the serum from the 
clot in the untreated tube. 

(4) Transfer aliquots of 1 mr Of serum 
in to two clean rflerile Wassermann .tubes.. 

(5) Transfer aliqiiots of 1 ml of plasma^ 
into two clean sterile Wassermann tubes. 
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(6) Incubate one Serum specimen^ a^^^ 

- ong^: plasma specimen at 4^ C . (refrigerator 
temperature) for 4 hours, *. ■ 

(7) vincubate one serum specimen and 
one plasma specimen at 37^ C for 4 hpivrs.. 

(8) Read results, , . , • 

c . Interpretation: ' 

(1) The test is positive if the serum 
or plasma incubated at 37^ Cvshows no^ 

_ changes^and^ib^smn^ 
at 4^ C shows the following changiBS: 

Vj(a)_The serum or plasma appear ^ 
clotted in tbto. ^: ^ 
(b)"The plasma^^serum appear 
divided into. two layers; the upper one con- 
taining normal "^plasma ot serum, faintly 
stained by bilirubin; the lower :one repre- 
sented by the cryoglobulin, whitish in color, 
which has precipitated to the bottom of the 
test tube^ : , 

(2) The test^ is confirmed if the serum . 
or plasma; incubate^ at 4^ C is brought 
back to a .temperature pf 37^ C and its; 
appearance returns to normal. 
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•■. Chapter 7 ' 
QUAilTY CONTROL 



7-1. Introduction: 



a* Quality control is a means to insure 
the reliability ot the tfists performed. Un- 

y^:feliaKle°^flsOlfrifiiiIS 
could quite possibly harm: the patiehti Qual= 
ity control can telLtKe laboratory ^e degrer 
of uncertainty which always goes with a 
result^ The object of a good quality control 

^ progi)am Is to. keep this degree of uncer- 
tainty within ^toow and usable linutaSThe 
clinical laboratory must adapt certain sta- 
tistical: procedures which aid i]fi detecting 
Inaccurate^ results, All data submitted {by 
the Jaboratory should be substantiated by 
sufficient statistics to indicate that it is 
within , reliable liniits: Ther(| is no substitute 
for statistical vMdatlon of a result, 



b/ Quality control , in hematology has 
^three objectivesi accuracy of results, pre- 
cision of results, and detection of random 
errors. These - objectives, are accomplished 
in two ways: (1) By careful, diligent, arid 
intelligent performance with due recogni- 
tion of thfe limitations and sources of error 
of each, procedure ; (2) By statistical eval- 
uation of results and the measures. necessary 
to keep specimens '*in control/' The meas- 
ures .necessary involve instrument" checks, 
technician perforrnance^ choice of pi'oce- 
dure, etc. ^ 

7=2. Deflnition of Terms. The science of sta- 
tistics deals :with the study of data and 
provides the basis-vfor . application and in- 
terpretation of a Quality control program; 
Statistics, like all other scieh'ces, has evolved 
certain terms and expressions w'hich vrer 
■ quire deflmtion and understanding ' to get > : 
maximum use of this valuable tool. 

a. Accuracy:. The degree of approxima' 
tipn of a result to the actual value,, or. 



/simply ,putV\ thiB closeness of the observed 
' value to the actual value* Accuracy of a. 
result Js .dependent on: (1) preparation of 
-patienti-(2)-^t^ 

:.of the blood specimen, (8) interval of time 
between collection;,and testing of the spec- 
-\ imen,_(ij ^standardjzedian^ rea- 
gents and equipment,, and Xfy eiimlHpifip- 

; of random errors. ' ^ ' K "S^^jli 

b. precision The vdoseness with^hiieh 
a series of replicate measurements .^agre^ 
with each other. Precisibri is achieved whin 

. two or more; replicate measurements fall 
wthin the range , of allo^wable vjarisifioh. 

c. Arithmetic Mean: A simple **average**- 
The arithmetic meM of a series, of test 
results- is obtained by averaging the test 
results, ' • • 

d. ; Standard Deviation (S.D.): The range 
of disperaion (distritfution) of values about 
their mean. S,D. is a descriptive tool which 
condenses -the frequmcy. distribution of a 
series of values into a single' measurenient 
unit. If a sufficierltly large number of similar 
deteiTOinatipns =is perf ormedl on ' a single 
silmple aiid a, ^distribution curve is plotted ? 
of the frequency of test' results, the eurye 
ideally forms the classical Gaussian (liellr : 
shaped) curve found in figure. 7-1. The peak ^ 

- of 'the curve, is at or near the average . 
(mean of all the test tesulis plotted). 
Algebraically, standard deviation ' is the 
square root of the sum of the squared differ- 
ence' from ' the mean vakie divided by the 
total number of vatues less 4* It usually , ; 
expressed as " < - v . ^ ' 



where : 



d = difference between each value and the mean 
value 
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sum of the squared differehci^^from the av- 
erage ■ " ' : 
the number, of determmatidn performed. 
(N-i ii used only when N^30>i, 
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Figure 7-1. Classical Gaussian (Bell-shaped) 

"Gurve^— ____ ■ ' ' - ' -^ 

^ rve. ConMenct Limits, or Range of Allow- 
^ able- Yariatibn. The limits of a . proAedura 

are: " ....... ' . • ■ .. • .. ' 

(1) i 1 mean staiidary deyiatidn in^ 
> eludes 68% bf all test .results* \ ; 

(2) . ^ 2 mean standard deviation In- 
eludes 95f& of ail test resul|57 

(3) ^ 8 mean standard deviatidn m-- 
.v^lud^s 99.7% of all test results. \ _ 

Median: That value which divides a 
distribution so that' an equal number of 
yaUies are on either side of. it. For example, 
with : values suGh as 6^00, 6,400, 7,000, 
: 7,400, and 7,200r 7,000 is^ the median. 

g\ Mode: The most frequently occurring 
value found directly beneath the peak of 
fa cli3tributipn (curve). It is not necessarily 
synonymous with meyiajiv 

h, Goefflbient of yariatlon '(aV.): This 
is an expression of the variation in percent 
rather than an";' absolute value.: Aigebrai- 
cally, it is expressed as: 



X ^ 100- 



mean 

i, AUowaJble Percent Variation: This is 
an expression of the limits within which 
-a- value/must fall, in percent; Algebraically^ 
it is expressed as: ^ 

Allowable percent variation ^ _ 

CV. H confidence limits 



/ ' j/R6produbib^^ A Tneasttre^ of how 

^ much a test result ivaH .established, 
m^n values if the tesfc^ is carried oiifc in 
different laboratories by different person- 
nel using similar equipment ariC pipcedure, = 
-It , also measures vanation produced When 

' a test is performed .within a laboratory by 
different techniciahs.' The survey programs 

; you participate In provide a method bf de- 
termining vthe reproducibility; of a test pro- 

■ ;jcedure.__.^ -- -v ^ : ^.1^ ' . _ ■ , 

k. ;Reliai^^ity: ^Proven coijslstenc^ ob- 
taining tfccui^ate and preciie results. ^.Re-^ 
liability Is, established' by^ checkinff the test 
procedure at frequent intervals with ; con- 
■trbl7"lp~erfmens so,— not -only . is _ 

thelreliability of the , test procedure estabf 
llsHed but also fhaf of the reagents and the' 
equipment used. * 

; L . Bandomization : The. ayoidance of ' a 
fiked pattern the 'placement of .control 
tests within a system. / ' 

m. Random Errors : Errors, %vhich opcur 
without direction ; or rule. These: errors; are 
. ususLlly due to instrument malfuhctibn or 
personal factors. . ' 

n. Yalidity: Test resulls ' are valid if they 
are a measurfe of what was intended arid 
are accurate, precise, and reproducible. 

7-3. Statistical Evaluatibn of Hem^tologyf 

' a: Gerieral Qonsiderations, It must be ac- 
knowledged that exact reproduction of tests 
is not arttainable. yariatioii of results is 
a fact. The ultimate attainment of cjuality 
control in the laboratory, is to understand 
this variation so that confidence limits^ can 
bt established, erroneous results detected, 
and appropriate /corrective action initiated 
to. correct any signiflcaitt . discrepancy.^ An 
adequate quality TOntrol system ; indicates 
the confidence of the test, and^ provides 
rampl^ wa;rning when a ; procedure is "out 
of cpntroL" The' approach; to c0nti*ol or 
statistical evaluation of hematology is.- tp 
employ the standard deviation as a , tooL 

. b. Calculation bf Standard Deviation. ; 



i 
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- (1) Recoriatitute the control accdrdirig^ 
to instructions. NpTE. Commercial: controla 
foririBd blood cell counts, white blood cell ' 
cpqntip coafulation studies, hemoglobin de-: 
. tiiTOinations,. and heni^ocrlt ■ determina- 
tidns are available, AJhemoglobin contror 
solution qan bis prepm^ed . using outdated 
blood banS^ blood. The is included 

in this cha^ter^. v " 

i (2y Mix th.e sample thoroughly by re- 
. pjBatfidinyffl^ 

(3) Perform the desired analysis^on 
the control. 



{4) Continue arialyEing the control; 
dafty for an pverall total of ' at least SO 
^consecutive days. / - 

(5) Compete i.the M^Verage valu 
standard deviation fbr^ each control meas- 
ured, as shown in figure 7-2. 

. (a) In polumn A, record values, ob- 
tained from daily analyses of the contrdh 

/ } ; (b) Total the values and record in 

.^blockB,,: ;■• . 

ic) Determine the a;verage of col- 
: limri A jby dividing the. total (block B) 
by 30 or the number of times the control 
was analyzed Record the average (block 

G). J , . ' \ . 

(d) Compute and recdrd in column 
D/ th^, individual differences of each test 
result from, the ayerage (block C). 

(e) Square "each individual difference 
and record In column E. 

(f) Total column E and, record in 
block R ; ; 

. (g) Calculate the standard devia- 
tion^ as, shown in block G. Consult actable 
of square' roots in determining this value. 

(h) Calculafe the acceptable range 
for . the control based ± 2 'standard devia- 
tion^^ block H). Some laboratories may pre- 
fer to convert this to the coefficient of varia- . 
tion. ' •• - 

. ;(i) Record the control limits for the ' 
test pi^ocedure under 'block The upper 
liniit is determined by adding twa standard 
deviations to the average value. The lower, 



limit. ■ is jet^rmined by ■ ' subtracting two • 
,; standard deviations to the ;average valuei 

cV'^Prepa^tion of Quality Control fcharts: 
When control limits foi* yarious ^hematology 
: procedures have been estabHshed, prmare. 
' quality control charts reifledting the 2 
standard deviation range for each test, as 
shown in sti^s (1). through (5)^ ^ 

(I), On^ the lift border pf a -^sheet of 
-^aj^ pa^r^^^ 
appropriate test , unit /v^ ufea; The sca:Ie 
should extend symrhetneallj^ above, and be- 
low the average yalue, %iLdfe'quately encom- * 
passing.^ 2 standard deyiation values. (See 
example, figure 7-8^) ^ \. 

.(2) Draw a solid black lin^^ 

from the average value completely across 

the chart. Label the line ^"average" At the 
right border. ; V ■ 

; (8) Similarly extend lines from values 
representing ^ 2 standard deviations 
(S-DV) in- parallel to /the averageVline. Ap- 
propriately label these lines ± 2 S.D.,^ . 

\ (4) Across the, bottom of the graphs 
recoM. the days of the montjii using two 
squares for each day, 

(5) Label thp chart with the name of 
the analysis, control lot number, and the. 
month for which the conti^ol is to be used 
in moriitoring the test,\^ 

d. Quality Control Application: 

(1) On the morning of .each duty day . 
allow a control to warm up to room tern-" 
perature, ' 

(2) After thorough mixing, . analyze 
a control sample, along with one or more 
clinical specimens, with each applicable pro- 
cedure. Both the control sample and patient 
specimen must be processed by the same 
technician under the same coriditipns for 
any given procedure, 

(3) If the cpntrol value, falls within 
^ 2 standard deviation^ (S.D,), report 'thie 
results of patient specimen analysis. 

(4) Record the control Sample result 
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CONTROL POOL NO. 1 



TECHNICIAN(S)! 



SuLm 5 f Squared Dilfiy^neai From 



Gs fcaleulation of Standard Deviatioh 



. Sum^of -Squared jDilfer^jice p 
From Average ^ 



No* Teati 



SD 



SP B 



H. CaieulatiQn of Asqeptable SD Range! 
Aceaptable limiti ^ t | X SD 

: Siri E X ^, ^ ^_g. 



I, Test Gontfol Limita 



Upper Hmitt /^,^ ^ / 
Lower limiti O ^^4^:^^ 



* ConiuU a table of iquare rooti 



. Figure 7-2. Example of a Monthly 4 2 Stan 

on the appropriate quality control chart for 
the day concerned, as shown in flgure 7-:8, 

(5) If the control value is outside the 
^ 2 limits, recheck test caiculations* If 
this is not the cause, repeat ' the procedure 
on all specimensp including a new control 
/ sample. If. the control sample falls within 
± 2 S.D. on the second run and clinical 
/specimen values remain largely unchanged. 



dard Deviation Caleulation. 

this probably indicates improper handling 
* of the control iample during the first run. 
> (6) If the second control analysis is 
out of limltj a basic flaw in the test should 
be suspected. "Carefully check for possible 
causes such as deteriorated reagents, im- 
proper pH, inaccurate temperature, defec- 
tive instrumentationp etc. 

(7) Report clinical specimen results 
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obtained .\vith an acciimte control reading 
^ aflef corj^ection of the teat discrepancy. Oc- 
^ casionally this may necessitate re-collec^ion 

of specimens from patients* : 

; i^) Keep a "permaiient record of all 

control jample Values falling outside ^ 2 

* ; S. D . In the day-to-day ^erf orinance ^of pro- . 
' cedures.\ Enter the cause, if deteiftined, and 

jcorrective action taken for ea^^^ 
cbncerned. This data may prove ' useful in 
h^oubleshooting, future anal^ic problems. 
Record all '■out-of-ll]ftit'', results on quality 
control charts #tnce these valCies should be 
used in calculating monthly standard 'devla- 
i tidns as described below, : ' • ' 

(9) When I month has elapsed, inspect 
'*the quality control charts (figure 7-3) for 
; ' the; various: methods. Calculate; the . monthly ^ 
standard deviation for each procedure that 
/ exhibited more or less equal distribution of 
- control ^alues above and below the mean.* 
' This is accomplished using the chart values. . 
. accumulated during the month's run, 

(10) Prepare new quality control charts 
reflecting the adjusted. ^ 2 S.D, range com- 
puted in step (9). 

(11) If monthly^ result trends of atiy 
procedure indicate consistent progression 
toward one control limit or the other, rre- 
study the method* Following arty correc- 
tions in teehniquej, reagents^ or instrupfien- 

: tation^ redetermine the ± 8 S.D, limits on 
\ a new series of BO daily control analyses. 

. (12) Continue analysing the cdhtrol in 
■ conjunction with clinical speefmens^ and re- 
cord control results on the new quality cpn» 
' trol charts serving the new month* ' 

(IS) In the manner described above, 
i prepare quality control charts for each suc- 
cessive ; month,: always using ^ 2 S*D. 
ralnges computed from control sample values . 
of the previous month. In actual praaticej 
this should progressively narrow the accept- 
able range of analytic error for each pro- 
^cedurei \, ' . %' 

* 7t4, Control in Blood Collection, The method 
by which a blood specimen is . collected can 
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introduce considerable yariatioh in results. 
Studies ; have sho%vn % that mafes^ging the 
finger or forcing blood from an inadequate 
puncture significantly affects both red afld 
white count The blood must be immediately 
placed in the desired anticoagulant and 
mixfed weJL pifferential slides should be 
prepared from^ fresh blood or* 
anticoagulated blood very soon after colletf- 
tibn* All speciitien containers must be prpp- 
erly identifled with the patient's namis. 
Proper collection of bloofl specimens pre- 
vents one source of random errors, 

7-5, Control in Hemoglobih Determinations- 

aV Preparation of Control Solutions* 

(1) Centrifuge at least 2Q ml of ; an- 
ticoagulated blood having a high hemo- 
globin content. Remove the plaima* 

(2) Wash the cells 3 tinies in 0.9^ 
NaCI (physiologic saline)j removing as 
much sallne^as possible following the last 
centrifugatiom \ 

(3) Freeze the, washed cells, overnight 
to ^btaln hemolysis. If complete hemolysis 
is not obtained, refreeze for a iecond^riigrft* 

(4) To the thawed hemolyzed cells add 
1/2 volume of chloroform and shake vigor- 
ously. fori minute* 

V (5) Centrifuge Immediately for 15 
minutes at 3,000 rpm. f 

(6) Remove the supernatant hemo- 
globin solution to graduated itubes and re- 
cord the volume,. 

. (7) Analyze *the solution for hemo- 
globin concentration in g per dh 

(8) Adjust the hemoglobin concentra- 
tion %o approximately 14*0 g per dl With 
glycerin. The glycerin is also a preserva- 
tive for the softftlori* The volume of glycerin 
aHded is caldulated as follows ^ , 

aetual cQncentration 
ml glycerin ^ 0 . 

-1 K volume of control solution 

(9) *Mix thoroughly after addition of 
glycerin. Store in the refrigerator. This so- 



I 



160^51/TM M2&i^^ 5 Decwtiber 1973 




V lution if instable up tdia months in ttie 
y frigeratpr; ^ :v . ° 

(id) Use as whol6 blood^^^^ rou- 
tine hemoglobin determinations.^ ^^ i^ ■ , 

b. ^iCalibratlon * 

V (1) Skhll Pipetf. Tilt procedure for 
calibration of Sahli pipets is outlined iii 
paragraph 2^6. At least 3 pipets should be 
^calibrated to the nea 

reference pipets.: A:ll new pipets can b#^om- ■ 
pared • color imetrically" with the i yef erf nee 
pipets. An accurate pipet must pfoduce a 
" hfnipglobin - solution In prabkin*s identical 
to solutions prepared,;! rom reference pipeti. 
The allowable eiTor is ± 0.6% T. 

(2) Dilators or Diluting Pipets. These 
Jnstrunients are checked with 5 ml volu- 
metric teks. The volume must be 5 mli 
Duplicator hemoglobin solutions prepared/ 
from these instruments must agree within 

" 0.5% T. / . 

y . ■ ■,■ i-it^'l^ . . ■ 

■ (3) Spectrophptomettrs. Calibration 
curves are prepared with certified b^nmet- 
hemoglobin standards in the concentration 
of 5, 10, 16, and 20 g per dl. Each standard 
is run in triplicate and the % T must a^ee 
within ± 0.5%. The cui^e is plotted 4nd 
checked daily with one of the hemoglobin 
standards. Any change in reagent, pipets 
: or spectl^ophQtometers requires preparation 
of new standard cifrves. 

c. Sources of EVrbr. Regardless of statis- 
tici^l methods, the maximum allowable error 
for a hemoglobin must not exceed 0.6 g. 
Prevention of . the following errors main- 
tains good quality control ■ / 

( 1 ) Instrument , Errors : 

■" . . ' = ■ ^ ■ .- ■ " . ■ ' ■ 

(a) Inaccurate, sample plpet calibraV 
tion. , ' ■ ' 

(b) Improper calibration of diluent 
dispenser including volumetric pipets, self- 
filling pipets, and^autom^fcicdilutors, 

(c) Failure of automatic dilutors to 
maintain calibration caused by insecure vol- 
ume adjustment, dirt in the valves, and 
buhbres in the chamber. 



^ V' HA) Colorimeter and spectrophptbhi|e- - 
ter prdblems iMlufling precalibratibnj o^bso- 
lete calibration, ' Incomplete calibration = 
(satisfactory at one end of the curve^npt; 
at'the Qther), inadequate length bf the scale, ^ 
. unstable electrical , components, unmatched 
cuvets, dirty cuvets, and poor standard 
(evaporation and deterioration) . 

(2) Personal^Errors: . 
(a) ^Incomplete mixing sample^-^ 
tb) ^Inaccurate , and carelesi . pipet- / 
= ting^ / ■ ifr^ -.u. ,.• ^ ^- ■ ^ - /' . r^.^ 

(c) - Inaccurate adjustment of the col- ^ 
orimeter. ' ' v. l-. 

id) Inaccurate observation of 
machine readings (car^ll^ness, fatig'ue; aiid^ - 
bias).. ^ ■ / ■ : 7^l[-^' i - ^ r \, 

(e) Inaccurate conversion" of absorb?^ 
ahce or % T to gper dl of herhfeglobln. '^ V 

(f) Recording errors. 

' . . (e) Transcription errors. i . / 

■ ■ ■ - ■ , ^' . ■ , , / 

7-6. Control In Cell Counting v 
{Hfmacytometer)* ; 

a. Sources of Error. There are.inany vari» 
ables contained in these methods. 

(1) Instrument Errors: ■ 

(a) Inaccurate diluting pipets. 

(b) Inaccurate counting chamber. 

(c) Contaminated diluent fluid. 

.. (d) Irregular cell distribution (field 
error). 

(2) Personal Errdrs: ' 

(a) Insufficient: rtixing of ,the 
sample. . 

(b) Inaccurate pipetting of the sam». 
pie and diluent. : r " - ^ - ; ! . 

(.c) Insufficient or excessive shaking ■ 
of the sample pipet. ' 

. (d) Inacctiyate filling of the = count- ^ 
ing chamber. r ' ' ^ v ' \ 

(e) Ipaccurate counting (fatigue, 
bias, etc.)^ 

(8) Limits of Precision. ' ' 

(a) REG (at 5,000,000) accurate to 

*16%. / V V -1/ ..^ 



(b) WBC (7,000) t 
sun, Magath, and Hurh) 



±21%- (Berk- 
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' ' V <i) Sampling^ 111 duplicate pipets^^ ^ ; ' 

(2) Filling duplicate chambers, ' 

* ' (8) Doublinff the, number of j cills; to 
'v .be counted; ^ ' ^ ..^ 

/ I (4) Caleijlat^i'^ta^ard deviation by^ 
\}^f^'^8 duplicate ahalyMs method 

W Run duplicates on 20 routine 

fe^M^pecimensv^^-^^^^ -^^ v~ ^^^^ 
. ^- (b) "Sum t^g, difference^^^ 

. duplicates of the '26 specimens, - 

; Jc) ^Calculate S,D, »using the foUo^^f;*^: 
; 4jig formula: 
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- , - (k) Incorapltte 



Sum (differericei)-' 



n «a -% J ■ 

■f \ numbir,of pain 

(d)^^Gell cauB& imust fibe 'maintal 



within the standard deviation. 



7-7* Contrbl ih Electrdnic Cpuntiiig: . , 
' el: ContrQls. toohtrols for RBCs and WBCs 



are available commercialLy. StatisMcal ar 
sis must be perforined to titaUlish :confl-| 
dence limits of the instruments, ■ 

b. Calibration. These instruments must be 
calibratefd and malntaihed according to the 
manufacturer" s instructibhs. 

c. Sources pt Errors Electronic cell cpunt- 
ing can be done with inuch greater pr^cl= 
sion* but possible sources of error are .Weft 
mot*e nume^us* / / / ^ ■ ^ ■ - 

(1 J . Ihstrunient Errors? I .m; 
(a) " Inaccurate pipet calibration i 
ib) Inacci\rate calibra;tion of diluent 
'dispenser^ » ' * " 

(c) Inaccurate calibration ♦of current 
and threshold settings, 

(d) Electronic malfunction, 

^ -y (e) Defective or dirty manometer. 

(%) Leaking seals in the gl&ss com' 
ponents. 

(g) Partially plugged aperture. ' ■ 

(h) blrty glassware. - 

• : U) Foaming (detergent residues or 
saponin) > ' ' . y 

- (j) Loss of cells on standing. 
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WBC): 



fets. 



(1) Coniaijliiiated diliAing fluidl , 
(Tti) Ekcfessl^e number ofi lar^e plal 



(2) Perstfnkl Errors: V ' ' ... / i 
(a) Inaccurate pipetting*/ 
' (b) Incomple^u mixing of orli|inaK 
sample^rid 0^ diluted salnpje/ ^ 
-.^:/=.. (c).S'^ura^ 

controls properly* i / ■ 

- ; A?-^ ^ (4) ^>E^rs In recording counts^ 
11 '^^^v Sj^^^rrors m reading correctidn ^c- 
^^itiS'^;'-^ - ■ . ' ■ 

- (f) Failure to correct WBC cpujit^.^ 
above40,()00. ■ . V ■ 

- : (g) Failure to. correct cell EBC 
counts. 

7-8, Control in Hematocrit Delermination^ 

a. Standardization of the Method. Controls 
(to . validate ^ hematocrit determinatiojis are 

available from conimercial sources* It is 
Important to use capillaTy tubes of the 
best 'guality to minimize errors due to varia- 
tion in the diameter of the tubing. The tubes 
mu^t be adequately sealed to prevent loss 
blood during .centrifugatlQn. Centrifugatlon 
^speed and time inus^ bje^^a^^ to produce a^ 
constant 'Volume of ^^cell .^pa§^^^ Hematocrit^ 
readers must provide accurate positioning of 
thi- blood column and^^haye an easily read 
and apcur^e^ scale. . , ^ 

b. ..Sources of Error,:; ■, , v: ; 

(1) Instrument Efrpm: ? :^ ; 

(a) Variation in caliber of capillary 
tubes. . ' ■ — " 

^ ^ (b> Inaccurately calibrated ^acro- 
fifematocrit tubes/ - .-- fH. . , 

■\ (c) Insufficient centrifuge speed— 
failure to cheek brushes routinely. 

(d) Insufflcient.runnfng time.-t^^ 

(e) Le^Irig tube seals* ; : ^ ' 

(f) pQ0rly^ desi^jed. micrptube 
reader. * ^ 7 v \ - 

(2) personal Errors: ^' ; 

1 (a) Inp0mplete mixing of the samplei 

(b) Incpmplrfft sealing 6f tubes. / 
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(c) Reading errors. 

(d) . Transcription errors. 



: 7-9^:;Controt in Diiterentf at C^^t^fteadm^ 
",-;^iffi6renti|rtMlid6^ of ©K- ^ 

' should hsf^fe^u^yf^tralnlng to be competent 
- in reading ^flS^ntial imeari, Howevi^^^^^^ 
. Cjertajg\ i nstancei thesfe sHdei must bj^ re- 
Mewefl by another 'technician, laboratbry su-: 
peivisor, or^^pathologist. The iiistances are 



a. Counts below 4,000 cells ^ per, cu mm 
:and above 15,000 pells per cu nifn/ 

b. A lymphpcyte-.aount above AQfo for 
adult and 60% foii^ qhiiav V ^ 

c. The observation of abnormal or atypi- 
cal cells. . . . ; \ ^ 

d. The observation erf any hiicleated ^yth- 

Tocytes. ^ ^ . 'Y *''^^*^ ^ ' ^ 

X. - '. ■ • ^ _ _ ' . .. •■ ^ - =■ ' ^ ^ ■ 

e. Platelets* which appear Jncreksed, de- 
crras^d, or abnpfenaL; . v ^ .... i r .i - , . 



WlO, COTtrql in Goagulation Studlear _ 

. a; Controls, Citrated plasma controls ate 
available from the Federir Supply Catalog. 
^ Ctontrals are^ Fun with eaoh ^applicable Jest 
\ TOd. statistical analysis }s performed. To 
adequately, control Uiese procedures airspeci- 
mmSj ni\|st be performed^ ih duplicate^ or - 
even tripUcate./ Wie idlfferences ttttween . 
these replicate, analyses muf^ be within theiv^ 
cpnfldence limits of the laboratory./ • . \ 

bi Sources of Error: . ; _ ^ " ; 

. . (1) Glassware. Glassware must be 
and of standard size. Coagulation glassware f 
should''' never used ^ior^^her^ tests., .All V 
pipets must be accurate and clean. Precau-; 
ti.ons niiist be tak|n when pipetting to avoid 
crbss-(^tan^nsSi6h of 'S^femens %r riiiy 
agents. .. . ■■ - ' 

/ (2) Xvightlng,. InsuffldiiBnt. lighting; c 
=a^ie 3 -itoitofe 'felobserve'^^ fclfi^' 
formation). , • 

(3) Incubation. *The water/ bath tem- 
perature rnust be controlled to 87^ C. Varia-^. 
tion of tllis temperature pl^oducei invalid re- 
sults)? ' -I 



■:■ ..... . -S . • . ■ :' ■=*= ' 1 i 

=vM^^)-^Clean Venipuncture; yenipqnctui^^v^ 
ijtfiM^€e?Montraumatic. Contanuriation with 
:^tissuf^thrpmbpplastin leads ta erroneppi re- 

jsultah^ ' -<i.= ^ • 

^ V Anticoagulants, jslbod must be 
placed in proper amounts of the desired dnti- ^ 
coagulant immediately and mixed well. 

■■■ ' (6) Delay jn Testing* Testing must be ( 
performed as soon -as^teslble afterr reed — 
Ing the specimen. 1 , 

(7) Accurate^ Timing* Starting the 
Stopwatch iniist be coordinated with the ad^ 
dltion of the final reagent or ingredientrand 
stopping the watch, with appesLrance of the 
■fibrin cloj.^ ' ■ " - ^ i ^^^S^' ^ • " 

(8) Reagents. Reagents wu^ fresW?' 
and rtablev>Ex]^i^tion aa^s must "l^ 
checked, , 7!*^ ^ : 

.V^r X9) TWhnleal S 
sMill is requirejd in the perfprmance of coa'gu- 
lation tests. Directions must be followed ex-" " 
piicitty. ; ■ ' " 

c. Fibrometer. The Fibrdmeter has elim- 
inated many variables in . coagulation test- 
ing. It is reconimended that Fibrometer 
. methods be employed ifpossible.^ > . 



7-11. Control in Other Tejits. Many proce- 
;dures aVe ^outlined ^ih' chapter 6.. whl^h are' 
not performed as frequently as CBGs. HoWf 
ev^r, quality control can 'still be edtablisheH'^ 

; ^ 'tHese piiocedures. 'For example, abnormal 
and nbrmai specimens can be analyzed in 
the same manner as the patient's specimen. 
This will Indicate if a particular stain or re-' 
agent if detecting what it is designed to de-^^. 

i^tect. In some c^jes, controia can be dlfftcult 
to obtain. For example, cdfttlrols fpiidfi^p- 
globiri electrpphoresis, should' include AS, 
SS, SC, and AA henioglobins ; however, all 
but A A heffiofglobin can be difficult to 6b- 

^lain. tfarger , laboratories m be the source 
of lupply for these controls^' , " t 



7-12. Summary. An eKperijaced technician, 
well-informed in quality cdntiiDl principles 
alicl procedures, shoffJd direcjb^ahd monitor 
the qjjality control program/ of any given 



EKLC 



7-10 



clinical labpraiteiry. An effective quality con- 
.trol program for clinical hematology requires 
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GLOSSARY 



^^^^Ulocyter A leukocyte Without, defihite 

. '-^tdplasfhicgranules. : - 

■Agranulocytosis: Qomplete or nearly ddm- 
plfte /absence of the granular leukocytes 
frorii the blood and bone n^arrow.. , . . ' 

Aleukemic Leukemia: A fatal condition of 
the blbod-fo.^ming tissues; characterized !6y 
marked proliferatron of immature cells in 
the bone marrow, without their presence, 
ift any great numbers, ih^the blood stream. 

Anemia: A condition in which the blood is 
deflcient in quantity or quality of erythro-r 
cytes. 

Anisocytosis : yariation- in^ size of the 
erytjixocytes/- 

Anomaly: Abnormality. 

Anoxemia: Lack of nbrmal proportion of 
oxygen in the blood/ 

Antecubital Space:; The area on the fore- 
arm frontal to the elbo'C^. 

Anticoagulant: A substance that prevents 
the coagulation of blood. Commonly used 
-ones are potassium oxalate, ' sodium oxa- 

4 late, sodium citija-tg, EniTA, and heparin/' 

Aplasia: Incomplete or defective blood de- 
velopment; cessation of blood cell formA- 
tion. 

Aplastic Anemia: Anemia characterized by 
incomplete or defective blood develop- 
ment. . 

Asynchr^Dnous: Uncoordinated develop- 
ment ' 
Azurophilic Granule: Rounded, discrete, 
■ ' reddish-purple granulei sitiallen than the 
granules of neutrophils ; 0-10 are com= 
mon in lymphocytes, and they are -very 
numerous, and smaller, in the cytoplasm 
of monocytes. 

Band Form: In the Schilling ^classification, 

a neutrophil with tfie nucleus unseg- . 

mented and ribbonlike; also stab, staff, 

nonfllamented, * 
Basket Cell: A clegenerated primitive c^ll 

which has ruptured and in which the cell 



nucleus appears ai a^pale staining sniear 
- without prescribed form or 'shape, ■ 
= Basopeniaft An abnormal; deci^ase ■ in the 

number of basophils. :\ . . 

Basophil : A granular leukocyte, the gran- 

ules of which have an affinity for the basic 
^ dye of ' Wiftght-s stain (methylene blue)* 
/The granules are /large, irregular "arid 

blue-black in colon ' : 

Basophilia: An' abnormal ^ increase in the 

number of basbphils. 
Basophilic: Staininj^ readily with basic 

4yes, for example, blue with Romanovsky 

type stains/ , ' 
Binary Fission: Simple cell division, 
Bleeding Time: The time required for a small 

standaiTlized wound, rhade in the capillary 

bed of the finger or ear Iob,e,/to.stop bleed- 
ing. 

Blood Dyscrasia:- A disease of the blood or 
blood-forming organs. 

Buffy Coat: The layer of leukocytes that 
collects immediately above the erythro- 

^ cytes in Siedimenfed or qgntrifuged whole 
blood, . - 

Cabot*s Rings:/Lines in the form of loopr or 
flgures-of=eight . seen in erythrocytes in 
severe anemias; 

Centriple: A minute cell organoid within 
the centrosomep 

Centrbsome: An area of cdridensed cyto-* 
/.plasm active in mitosis, 

CHemotaxis: The phenomenon of mbv^men^ 
of leukocytes caused by a chemical in- 
fluence. , / 

Chromatin: The more stainable portion of 
the cell nucleus, contains genetic mate- 
rials. 

Clot Retraction: The rate and degree of con- 
traction of .the blood clot* 

Coagujation Time: The time required for ' 
venous bloodj in the absence of all tissue 
fee tors, to clot in glass tubes under con- 
trolled conditions. 
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Cocatalyst: ^ substance that works in tan- 
dem with another group of cheniicals to 

, accelerate a reaction velocity without be- 

• ing used up in the reaction. 

Color Index: The ratio between the amount 
of hemoglobin and the number of red 
blood cells. 

Complete Blood Counti A hematology study 

; which consists of a red cell count,/whlte 
cell county hematocrit, hemoglobin^ and 
, bipod smear study including diffeifetial 
' white cell count. ; ^ ■ 

Cqngenital: Born with a pergon; existing: 
at or before birtK, 

Gooley^s Anemia (Mediterranean Disease or 
Thalassemia) : A chronic pfdgressive ane- 
mia commencing early in life and ^arac- 
terized by rhany normoblasts in the 
blood, unusual fades, splenomegaly and 
familial and racial incidence, Target type 
red blood cells are often present Mn the 
peripheral blood, 

C^ihation: The scalloped or notched appfear- 
ance of the periphery • of erythrocytes 
found when the cells are suspended in a 
Hypertonic solution. Also found in smears, 
caused by dirty glassware, slow d»3dng 
and poor smearing technique. 

Cytoplasm: Protoplasm of a cell excluding 
the nucleus. ... 

DNA: Deoxyribonucleic acid/ 

Differential Count: An enumeration of the 
types"'6f white bipod cells, seen on a stained 
blood smear. ' y^ 

Discrete: Separate. - .J. 

Dyscrasia: Abnormality. 

Ecchymosis: Subcutaneous extravasation of 
blood covering a large area. j 

EnddtheliM'LeukoGyte: Monocyte. . 

Eosinopenia: An abnormal decrease in eo- 
sinophils. 

Eosinophil: A granular leukocyte, the,.gran- 
ules of which have an affinity for the acid 
dye of Wright's stain (eosin). The gran-, 
ules are large, round* uniform in size, red- 
orange in color and are shiny and re- 
. fractile. ' ^ 

Eosinophilif^'i^A' relative or absolute leuko- 
cytosis in which the main increase is in 
eosinophiL 



Eosinophilic: Readily stained' with eosiri;; 
^ red-orange stain. / . ; 

Epigastric: Pertaining to the upper middle 

portion of the abdomen. 
Erythremia: A disease marked by persistent 

polycythemia and increased blood volume; 

also polycythemia vera. 
Erythrocyte: Red blood celL 
Erythrocytosis: An ■ increase in the total 

number;9f erythrocytes, > . 

Erythi'Ogenic: Producing erythrocytes. 
^Erythroieukemia: An .^^^nprmal, condition 
' j.^ characterized M^^pTOfiferation of erythro- 

blastic and myeloblastic cells. 
Erythropenia/ A decrease in the nuihber of 

red cells irvthe blood. ; 
Erythropoieiis: The pro'ductign of erythrO' 

cytes, 

Etiorogy: Tne theory of the causation of a 

disease. 

Extravascular: .Occurring outside^ of the 
blood vessels. 

Extrinsic: Originating outside of the partic- 
ular area. - 

Fibril: A microscopic filament often com- 
posed of fibrin. 

Fibrin: The end product of the clotting 

, mechanism which forms a network of fib= 
ers that enmesh the formed elements of 
blood. ' 

Fibrinogen: The precursor of fibrin %vhich 
IS ' present normally in the plasma and 
, produced by the liver* ^ / f ; 

Fragility Test >( Osmotic) : A test devised to 
measure the resistance of the erythrocytes 
to break down (hemolyze) when subjected 
to vaiying' concentrations of hypotonic 
salt solutions. ' . * ^ ^ 

Fulminating: Sudden and severe. 
^ Golgi Apparatus: A meshwork oi iipld ^on- 
taihipg fibrils within the ■cytoplasmic por- 
tion of a celL 
./Granulocyte: A white blood cell that con- 
tains specific cytoplasmic granules (neu- 

' ',trdphils, eosinophils, and basophils); 
these granules are peroxidase positive. 

Granulocytosis: The presence of increased 
numbers of granulocytes in the blood. 
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'Graniijocytopenia (Granulopenia): A .de- 
crease in the number of gTanulocytes in 
the blood. ' * ^ \ , ' 

Gi*anulopoiesis : The production of granulo- 
cytes. . . : ' 

Hemacytometer: A calibrated chamber in 
/which blopd cells are counted' 

Hematin: A brown or blue-black amorphous 
ii;pn substahce which unites with globin 
and forms hemoglobin. . , 

/Hematocrit^ The, packed cell volume (PCV) 
of r^d blood cdlls obtained by centrifuga- 
tiph. of a blood specimen in\a hematocrit 

. tube; . . ^ ^ ; V 

Hematology^ The^ branch of m.edicine that 
deals with the study of blood' cells, blood- 
producing orgmiis and the manner in 
which these cejls and organs are affected 
in disease. • . ^ , 

Hematoma: Subcutaneous effusion of blood 
wiih resulting swelling, pain* and discol- 
oration, forming a tumorlike mass. 

Hematopoietic (HSmopQietic) : Blood form- 
ing. .. _ ; / A 

Hemoglobin: The colorifT^ matter of the red 
blood cells. A complex iron-bearing pig- 
ment which carries oxygen and carbon 
dioxide. 

Hemoglobinuria: The presence of free hemo- 

: i globin in the urine. 

Hemogram: The blood picture. 

Hemolysis: fhe dissolution or dissplving of 
the erythrocytes. 

Hemolytic Anemiii: That type of anemia 
characterized by excessive intravascular 
destruction of red cells. 

Hemophilfa: A hereditary disease character- ^ 
ized by a prolonged coagulation time and 
repeated hemorrhages^ occurring only in 
males and transmitted only by females 
and afFected males. The cause is a defi- 
ciency in a plasma factor (antihemophilic 

. globulin or thromboplastinogen) result- 
ing in a defect irt'thromboplastic activity. 

Hemoptysis-: The spitting of bloorf;icdughirig 
' up broorf, 

Hettiostasis: The checking of the' flow of 

blood, especially from.a vessel* V 
Hepatic: Originating from the liver* 
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Heterozygous: Derivad from germ c^lls un' 
like in respect to one or more faetors. 

Homeostasis: Stability in n'armBl body 
states. * ^ 

Homozygous: Derived fi;om germ cells which 
are alike. 

Howell-JoUy Bodies: ^Small basophilic par- 
ticles sometimes found In erythrocytes, 
i^emnants of nuclear material. * ■ 

Hygroscop)ic: Reatlily taking, up, and retain- 
ing; Avater. V ^ \ 

Hyperplasia: An increase in celb formation. 

Hypertonic: Greater than isotohic concen- 
tration. , ' 

Hypertrophy: Enlargement of an organ or 
part due to increase in the size of th#.con- 
stitiient dells. * 

Hypoch'romia : A decrease in color of the 
erythi^ocytes, hence a decrease in theiV 
hemoglobin content. ^ 

Hypoplasia: A decrease in cell formation. 

Hypotonic: Less than isotonic concentra- 
tion. , 

Idiopathic: Disease of unknown cause. j. 

Ihclusion: Usually lifeless, an accumulation 
of fats, proteins, crystals^ pigments or se-. 

\ cretory granules within a cell Gytoplasm. 

Inhibitor: A substance, directed against a co- 
agulation factor or factorSi which inter- 
feres with the coagulation process, , . 

Intravascular; Occurring within the blood 
i vepels,' 

Intriiisici Situated . within thp particular 
part. 

In yitro:=Withinm test tube (glass, etc.). 

In Vivo: Within the living organism^ as in 

life. . ' 
Tsbtonic: Solutions ' with the Bime osrholic . 

pressure. 

Jaundice; Yellowness of the skin and eyes 
due to the presence of blood pigments in 
the blood f foIlows'eKcessive destruction of ' 
the blood, obstruction of the bile passagfe, 
diffuse liver disease, certain infections, 
toxic chemical agents and drugs. 

Juvenile CeH: In the Schilling elassiflcation, 
the cell between the myelocyte and band 
forms ; also metamyelocyte. . 

Karyolysis; Apparent destruction of the nu- 
cleus o^a celh . " . 
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Karyorrhexis: Fragmentation of the .nlU 
cIeus; a degenerative process usually foU 
lowed by karyolysls. 

L.E. Cell: A large segmented neiitrophil or. 
eosinophil that contains ingested auto- 

• lyzed nuclear fragments in its cytoplasm. 

Leukemia: An ultimately fatal disease of the 
blood-forming organs characterized by . in- 
creased numbers of leukocytes and associ- 
ated ariemia. 

Leukemoiri Crisis or Reaction: A temporary 
appearance of immatui;e leukocytes in the 
blood stream, with a marked increasW in 
the total white count. In the laboratory 
sometirhjis temporarily indistinguishabje 
from leukemia. ^ 

Leukocyte: White blood cell* ' ^ 

/Leukocytosis: An increase in leukocytes in 
the blood. 

Leukopenia: A^r^ductlon In the mimber of 
leukocytes in the blood. ' 

Leukopoiesis: Leukocyte formation. 

Lymphoblast:. The parent cell of the lym- 
phocytic series. 

LymphocytiFr^white blood cell hayuig a 
roun^ or oVal hucleus a;nd sky blue cyto- 
plasm. The nuclear chromatin is densely 
clumped but separated by many clear 
areas giving^a "hill and valley" effect A. 

' few red-purple (azurophilic) granules 
may be present In the cytoplasm. > 

Lymphocytosis: A relative or absolute in- 
crease in th^e number of circulating lym- 
phocytes, ' 

Lytnphopenia: An abnormal diecrease ih\ the 
number of lymphocytes. . 

Lysis: Destruction by a specific agent.: . 

Macrocyte: An erythrocyte larger than nor- 
naal. V ' J 

Macrocytosis: An increase in the numberibf 
macrocytes. 

Mast Cell: A basophil or a true tissue cell. , , 

Maturation Factor: A substance which will 
cause cells to ripen and come to, maturity. 

Mean Corpuscular Hemoglobin (MCH): 
. The average amount of hiemoglobip in the 
red blood cell, ' ' . 

Mean Corpuscular Hemoglobin Concentra- 
tion (MCHC) : The average percent hemo- 
globin saturation In the red blood cell. 
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Olefin CorpuBcular Yoiume (^V) : The voU 
, I ume of thejiverage red blood cell, 
: ^gakaryob The parent cell of the 
megakaryocytic series. 
M|gakaryocytB: An extremely large cqll 
, with an irregularly lobed, ring- or dough- 
nut-shaped niicleus which stains Xb'"®^ 
purple. The cytoplasm is abundant^ Jllght 
,. blue and is packed with fine azui^hilic 
granules. This cell gives rise to W^mbo- 
cytes. : 

Meg£llobIasti The type of red cell precursor^ 
found in pernicious anqmia. This differs 
from the normal erythrocyte precursor 
(normoblast) in that the megaloblaSt is 
larger and the nuclear chromatin has a 
fine nriesh work or scroll desigh. 

M:B Ratio: The ratio of myeloid to eryth- 
roid cells in fhe bone^rtinrrow. 
, Mesentery: The fold of pfritoneum which 
attaches the intestine to the posterior ab- 
dominal wall \ . 

Metamyelocyte: Juvenile cell of Schilling, 

Metarubricyte: An erythrocyte with a. ^yk- 
notic, contracted nucleus. Also called or= 
thochromatophiyic" normoblast. 

Methemoglobin|_^A spectroscopically de- 

. tected comn^nd of hemoglobin found in 
nitrobehzofl and other poisonings. The 
blood is a chocolate brown color to the eye, 

Microcyte; An erythrocyte smaller than nor- 
mah 

Mierocytosis: An increase in the number of 
micrbcytes. 

Micron: One-thousandth of a milllmeteVi the 
common unit of nrjicroscopic measure.* 

Mitochondria : - Granular components of a 
cell cytoplasm active in oxidative proc- 

\ esses, ; 

Mitosis: A series of changes thi-ough;which 
the nucleus passes ^in indirect cell divi- 
sion. A tissue showing many cells in 
mitosis indicates- rapid growth of that* 
tissue. ■ ' 

Monoblast: The parent cell of the monocytic 
series. ' 

Monocyte: A large white blood cell with? a 
pale l)lue-gray cytoplasm containing fine 
azurophilic granules. The nucleus Is 
spongy and lobulated. '? ' 
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Monocytosis: A relative or absolute increase 

. in the numbiBr of circulating rnonocytes. 

Mucosa: Mucous membrane* 

Myeloblast: The parent cell of th© granulo- 

: cytic or myelocytic series* ^ - 

Myelbcyte: The stage in ,developitient of the 
granulocytic series which is characterized 
by the first appearance of speciflc gran- 
ules (eosing^phlHc, neutrophilic or baso- 
philic) arid a round nucleui. 

Myeloid Cells: The granular leukocytes and 
their stem cells, . - ^ 

Myelopoiesis: Formation of bone marrow 
* and the blood 'cells that originate in the 
bone marrow. 4 

Myeloproliferative:' Rapid production of 
bone marrow constituents. 

Necrosis: The death of a circumscribed por- 
tion of tissue. Simple necrosis is degener- 
ation of the cytoplasm and nucleus with- 
out change in the gross appearance of the 
tissue, ■' 

Neutropenia: A decrease in the number of 

neutrophils in the blood. 
Neutrophil (Polymorphonuclear Neutrophil 

of Segmented Neutrophil) : A granulocyte 

having -fine , neutrophilic'^ (pink-violet) 
. granules In the cytoplasm, The nucleus Is 
^ divided into two or more lobes;; each lobe 
' is usually connected by a filament. 
Neutrophilia: An increase in neutrophils. 
Normoblast: The nucleated precursor of the 

normal red blood cell. Also called a rubri-. 

blast. V ' 

Normocyt^e (Erythrocyte): A red blood cell 
of normal size, 

NRBC: Nucleated red cellj usually a metar- 
ubricyte when seen, in the peripheral 
blood smear. ^ r ^ 

Nucleolus: An intranuclear pale blue body, 
surrounded by a dense condensation of 
chromatin, . ' 

Occult Blood: The presence of blood which 

*/ cannot .be detected except by special chem-^ . 
, ical tgsts. " 

Oligpchrornemia: A decrease in hemoglobin. 

Oligocythemia: A decrease in the number of 

- erythrocytes. 
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Organoid: ' Structures present in\. cells re- 
sembling organs,, ' 

Ovalocyte: An ellipticaJ erythrocyte. 

Oxyhemoglobin: The bright red hemc^lobin 
that is loosely combined with oxygen and 
^found in arterial blood. 

Pancytopenia: A ; reduction in all three 
foiTOed elements of, the blood, namely, the 
erythrocytes, leukocytes and thrombo- 
cytes/ ' 

Pathologic Increase (Or Decrease): Due to 
abnormal, function or disease, as con- 
trasted to physiological (due to normal 
fbody function). ^ / ' 

Pernicious Anemia : A chronic, macrocytic 
anemia caused by a defect in production 
of "intrinsic factor" by jthe stomach. 
There is accompanying megaloblastic 
erythropoiesis, poikilocytosisj gfranulocytic 
hypersegmehtation, achlorhydria, and 
neurological disturbances, - 

Petechiae,' Small Spots on the. skin formed 
* bp subcutaneous effusion of blood (also 
purpura and eechymoses), ^ 

Phagocytosis; The destructipn of organisms 
find extraneous matter by a process of en- 
veldpment and absorption. 

Plasjfla; The fluid portion of the blood com- 
posed of serum', and fibrinogen, obtained 
when an anticoagulant is used, ' 

Plasma Cell: A lymphocyte-like oill. with an 
eccentrically placed deep-stalriing nucleus, 
' ^ The nuclear chromatin is distributed in a 
**^heel-spoke" fashion. The cytoplasm is 
deep blue with a lighter halo about th/i 
nucleus, ^ 
Platelet: Thrombocyte. , ^ 

Poikilocyte: A red blooid cell havirfg an ab- 
normal shape (pear-shape, sickle-shape, 
etCi)* 

Poikiiocytosii: Increased jjumber of ?abnor- . 
mally shaped erythrocytes. 

Polydhromasia: Diffuse basophilia of the 
erythrocytes.' . ^ 

Polychromatophilia: The presence in the 
stained blood smear of iinmaturej non- 
nucleated, hlulih-stajningr^ r^ blop^ 6ells. 

Polycythemia: An increase in the total num- 
ber of erythrocytes. (See erythremia.) 
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Precursor: A substarice frorri anpthar , 

V substance is formed' , : 

Promyelocyte: The p^eqti^gor of 'Ilia myilo= 
cyte having npnsp^ciflc a^Ur^pHjjic (red- 
purple) cytoplasmic &rSnule%, 
Prorubricyte: The second st^^e ^( develop^ 
* ment;of the red cell' 

Prothrombin: The inactive, prfic^rsor of 
" thrombin Vbich is fo^nied the jiver and 

present normally iri the pi^atn^, Its forma-; 

tion deperids upon ^deqUatte ^itftit\{n K, 
Punctate BasophUiav'Small baso^fiilic ag- 
gregates in the erythrocyte^ tj^^t stain 

blue with the fcasic d^e of WrJpht's stain ; 
. ; also basopHilib stippJing.^ \ 
Purpuras Small spots oti the skiJi farmed by 

subcutaneous effusion ot hl^od^ 
Pyknosis: A condensation bPA ts%ction"ln 

size of the^cell and jts nucleu^,^ ^ 
Reduced Hembgloblflv A cornMA^tion of 

hemojjJobin and c^rb^n d)TOid^\^hich is 

f ound^h venOus bloo^. ^ ^ 

, Reticulocyte: A red b]pod e^H sj^owing a 

reticulum or network when^^ir^ed with 

yital dyes (for e^^ait^ple, bHJi^rjt 'c^^ 
^blue)s Th^ stage %t#ee!i j^ucleated 

red cell and the niatu^g erythrt^^yta. 
Raticulocytosis: Air increase al&^v^f normal 

values of retiQuIocytes In b^ripheral 
■ .blood, ; ' , 

RN A: Ribonucleic acid^ 
Rouleaux Pormiation' The ^rr^fig^^ment of 

red cells with their %t suff^ce^ l^cingp, in 

which they appear flgi^res I'^^embh'ng 

stacks of cotos. - - 
Rubricyte: Polychroniatophilic n^ri^biast, 
Se^inientation Ratep 6rythrQcyte (ESR): 
/The rate at which ^^d cella wjH §ettle out 

in their o\vti pla^in^ in a given ti^a under 

controlled conditions* 
Serum: The fluid portion of the W^^d, after 

clot formation.- ' . , - , 

Shift to the Leftr A ^e^^ni.use^ to designate , 
'that condition in Which the 4fnmature 

forjns of the neutrophiia af^ i/icreased 

above, their normal ^Umbef ' 
.Shift to the Bightr IPC^gase l;n^ ^^t^rfr pyl<=. 
' ^ notWr and hyperseg^epte^ n^utrQ^hlls, ' . 
Sickle Cell: A sicjcl®^ . or c^e^ce^-shaped 

erythrocyte. - 



Sickle Ciell Anetnia: This is a hereditary and 
familial form of chronic, hemolytic ane- 
mia essentially peculiar to Negroes, It is 
characterized clinically by symptoins of 
anemia, joiht pains, leg ulcers, acute at- 
tacks of abdominal . pain and is distin- 
/' ffuished hematologically . by the presence 
of distinct hemoglobin, . peculiar sickle- 
shaped and oat-shaped red corpuscles, and 
signs of ixcessive blood deWruction and 
active blood formation* 

Smudge Cell: A ruptured white c^l; also 

, basket cell, or degenerated cell. 

Spherocyte: A red blood cell which is more 
spherical, smailer, darker and more fra- 
gile than normal, 

Stasis: A stoppage of blood flow, 

Supravital Stain:' A stain ^ of low toxicity 
which will not cause death to living cells 
or tissues* 

Synchronous r Occurring at the same time 
and in a regular patterm 

Target Cell (Leptocyte) : An abnormal, thin ^ 
erythtocyte characteristic of Cooley's or 
Mediterranean anemia, 

Triturate: To grind together* 

Thrombin: This is an enzyme formed from 
prothrombin which converts flbdriogen 
to fibrin. This is not present iri circulating 
blood. * ' . 

Thrombocyte! A blood platelet* 

Thrombocytopenia: A decrease in blood 
platelets; also thTombopienia. < ' . i 

Thrombocytosis: An increase in blood plate- 
lets, , . 

Thromboplastin: The substance that initi- 
ates the process of blood clotting, It is re- 
leased from injured tissue and/or formed 
b^ 'the disintegration of platelets in com- 
bination with several plasma factors. , 

Thrombopoiesis: The production of throm- 
bocytes, . ^ o . V 

Thrombosis: Formation^ of a thrombus, or 
blood dot J = ■ 

Vacuole: A space or cavity formed in the , 
protoplasm of a cell. 

Venipuncture: The act of puncturing a vein 
i n 0 rd e r 1 0 remove a samp 1 e of ■ bJ bod . , . t ,^ 

Viscous Metamorphosis: FTOtibn between' 
molecules resulting in a structural change* 
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Vitamin A vitamin constituent of the liver in the produdtion of prothrombin. 

normal diet requiring bile salts for ab- Xanthochromia: A yeUowish discoloration, 

, aorptibn/ This vitamin Js utilized by the ; usually associated with spinal fluid. ^ 



/ 
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PREFIXES, SUFFIXES, AND STEMS COMMONLY 
USED IN HEMATOU>GY 



Hpmato logw \ . 








■- ■ i-'j 

a- or anf 


without 


aniio^ 


unequal 


baio^ . 


blue 


-blast 


primftive fom 




color 


crena- ■ ' : ^ 


' a risOtch 


-crit V 


to separate 


-cyta 


cell 


eoaino- 


^ red*orange 
red ' 


erythro- 


hem- haem- hemato- 


blood 


hyperi; : ; *V . , 


ekceiiive 


hypo- 


deftcient 


iso- . 


gqual 


leuk- Ituko- ' 


white / 


macro- 


large 


mega- ' 


graat or huge 


meta= : \\ 


after or next 



Hematologic 
: Umgw . ^ 

micro- 
mono- 
myelo- 
ortho- 
^osis 

-'penia 
phago- 
-philoi 
-plaiia 
-plastic 
•-poiesii 
poikllo- 
. poly- ' ' 
■ pro- 
re ticulo- 
thrpmbo- 
-tonos 



I 



Meaning 

small ^ 
iirigle 

marroW: , . = 

correct or normal 

state of M condition. ; of in- 

crease djf "^^ ^ r':=ff 
decrease of * ^ 
to eat 

attraction ' for ^ 
a forming or molding, 
to form 
to make 
varied 

much or many 
'before 
a net 
clot 

strain or tension 
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A4-1 



Index 



Acanthrocytes (4-5b (7 J ) ^ _ „ . J. . „ . A _ . 
AcQuTSLCf, quality eohfcrol (7^2a) 
Agranulaeytes (4-7) , _ . . . t= t; .^. _ ^ _ 
, lymphocytid ieriep.j{4-8) \- :l^ :i:}yL)yi:iiji^ 
■ monocytic aieries y4r?9) =. = ^ ^ 
plasmocytic seriei (4-10) . _ . ' . 
AlkaU dinaturatiort: tegt, fetal hemoglobin 
(5^22) 

Alkaline phoaphataae, Ifeukocyte (Kaplow) 

(5-32) ^ _ ^ _ ^ ^ ; 

^Anisdeytoiis (4-aa(l)) ^ 

Anticoaguiants < (3^) J i i . . v: 

; EBT A • (athylene-diamine-tetra-fidetat " 

(8Mb) : 

Heller and Paul double oxalate (3=4b) 
heparin (3Mc) . i _ ^'.l J.*L J 
sodium '^eitrate (6-10b(l)) _ _ 

spdium oxajatp (6--i0h(2)) ' ^ . : _ . _ _ __ 
Auer rods (4-llb) = „^ 
Autocytometeri Fisher (2-^21c) _____ 
^ -^tomated hf ittatolo^cal iequipm <■ (g^lS 

^ to ^2^2^^'v'.-f\-;i.: _ : ■ jv;:'. _ ^ v " . ' 

counting devices (2--21) . : _ 
dilutors (2-19). _ 
: fibronieter (2^23) ^ ^ 

henioglobinometer, IL (2=22) 
slide atainer (2-20) = „ ; _ 



..4^4 
-7=^1 ' 
.4-10 
^4-10 
-4-lp ^ 
.4-12 

.5-24 

.Mi 

.3=7 
.3=7 

.6=6 
.4^14 

:2^ifi 
:2^i2~ ' 

.2-12 
.2=12 
.2^17 
-. 2-17 
2-12 



Basket cell, leukocyte ''van ant (4=lld) __^:4-14" 
Basophilic stippling^ erythrpcyte 

J4-5df3)) - 4-5 

Baaophils (l-lSd) (4=6j) _^1^7/ 

■ . 4-lQ 

absolute count (5-5), . = ^5_9 

" Bleedinf time (6-11)^. 6=6 

Duke method .(6-llb) . = ___e-6 

Ivy method ($-llc) : . . . . ^ .= _ ^ _ . ,6-6.- 

^Slobd^cel Is,;, formation of embryani^^hepa- .j^ ■ 

topoiesis (1-5) = = - = ^ 1-2 

hepatic phase (l-5c) = = = _ ^ _ . 1-3 

mesoblastic phase (l-5b) ^ _ 1-^2 

myeloid phase (l-5d) - = = _l-3 

postnatal hematopoiesis (1=6) .1=3 

eKtramedullary .tl-6c) _ . 1^3 
myelopoiesis (1^6b) ^ _ I_l-3 

Blood cell maturation, abnqnnal (1-10, 11) _i-6 * 

cytoplasm fl-ll) _4-.6 

nucleus_(lrl8) ^o. . . ^. i! - . . 1-6 ' 



' Blood cell inaturatibn, normal (1-.7,- 8r9) 
- cytoplaam (1-8) - . 1 = . „ . _\ _ 
general features (l-7> " . ^ : = . . _ : _ _ 
nucleus (1-9) 
Blofld collection (3-1) . _ ^ . l i?^ . . „ _ ? 
anticoagulants (3-4) „ _ _ , A 
capillf ry puncture (3-3) 
quality^ jdbhtrol,, (7^). ^ ^ ^ _ j[ _ 
> venipuhcturf (S-^)" _ „ . . 

preparation of site (3-2c) = 
syringe procefce (3-2d) . _ 
, vaeutainer procedure (3-2fi) 
Blood,= function of (1=13) . ^ 
erythroi^tea (1=14) - ? . . i . . = _ ^ V 
leukocytes (1-15) -J L = ._ , _ 
platelets (1-16) (6-4) 
Blood smears : " 
coverglass method (3-7) 
examination (5-23) _ 
slide method (3-6) 
staining (3-6d) 
Bone marrow specimens.' 
examining slides (5-25) 
slid^> pTeparaffpn (3-9e) . . 
sta'in (3-9b) _ 
Burr cells (4=5b(6)) = 
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Cabot's Hngi (4-5d(2)) _ 
Capillary, puncture (3-3) __j = _ _ 
Carboxyhemogiobin (5-15b) . 
Cell counts 1 
baeophils, absolute (5-5) = 
cerebrospinal, fluid cells .(5-^7) 
eosinophils (6=4) ' . - = = = ^ ^ 
. ei^hrdq^tes .,(KBC) (B-2) J^^s^ 
leukocytes (WBC) (6^3) 
platelets (0=24, 25) _ . J_ _ 

reticulocytes (5-6) = 

semen (5-8) = 
Centrifuges!, 

floor model (2-16b) = . _ , 
' miqrohematoerit (2=4l6c) = . . 

table-top model (2-16a) . . 

» Cerebrospinal fluid cell count (5-7) 
Chemotaxisi defined (1^15) ■ . 
Citrate, aodium (6-10b(l)) = _ 
Clot retraction test (6-13 J = 
Clotting iime, Lee-White (6rl2) , . 
Coagulation (6=2) . ! . . 



:i=3 
..._.1=3 
.J.._l=3 

^4...1-6 ' 

r.: ^3^1 
... _3-7. 

„3-S 
.-...7-6, 

..._3-2!^ 

...L Jp2 

.....3=4 

Vj_:i-6 
.....1-7 

.:_.l-7 ; 

...3-12 

-....5-25 
. ... 3=8 
,u:uJ,3-9 

..... 5-28 
_:V.a-14 
-.3-14 
4-4 



..4-4 ^ 

..3=5 

..5=18 

..5^e#'^ 

. .5-11 
. -5-8 ^ 

.5-6 
..6-17, 
6-18 

,5=10 
^S-12 

.2-10 

2-10 

2-10 
.5=11 
.1-7 
.6-6 
. 6=8 . 
^6-7 
.6-1 
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Pais 




blood lactors it-ai - - " - = = = = = . = ^ . = = = /i- ^6^1 
; fibriholytic factors (6-^5) = ..^6^3 

mechanism (6-6, 1) = . = 6-3 

platelet factors (6^) - ^ - -* — = = .6-3 
theory (6-^7) . 1 . :.6=3 
Coagulation studies I , ' . " ^ " ,f 

bleeding time ^6-11) w..^^^'^.^^. ^^^^^--^^6-6 
' ' .blood, ^collection (6-itt) J . = . ^ ^ . 4 - 
^ crrduidting anticoagulant detection (6-22)' .6-16 . 
dot retraction (6-13) ^. .w-J,;.,..^,:!,.. 6-8 
clottinf ti^ie, L6e-White' (6-12);^ ^l;.. ..6-f 
■factor XIII deftciency detection {6^23> __^17 
^ ^ fibrinof en aiiay (6--20) i . . = . = = . = .6-15 

partial^ thromboplastin time^ activated ' ■ 

■,:;v..vi^|S-lS)v^,.^.-^^^ = ^ = =^=^:^VT^%V ■ 

Vpiasiaa^^0^alci tittt^l^rSi) „V^iyfe6-16 

piaVilet count (6^24, 25) ^1 ! . ^ /: 6-17^ 

prothrombin conauTOption time (6-17) ^ = „6-ll 
prothrombin time, one-stage (6-16), ......6^10 

quality coritrol (1^0) I... ......... ^l-B 

thrombin time (6--i9> l .6-14 \ 

thromboplastin generation time {6--18) 6-12 
tourniquet test (6^14) ^ . ^ ^ 1. ; . ^ . . . V 
'Coefficient of variation, quality, control 

(7^2h) 

Conftdence limits (alloTrabie variation) (1-^20 7-2 

GontrdI, quality, (eea quality control) 

'Goulter cell eounteri,^ ;. - 

Model FK^l(2^21b) - ^ . . . ^- . . , ^ ^ . ^ = = 2-j2 

. Models (24f4b) ... :.t .^2'-17 

Counting ehamber, hemocytometer (2-7) ^ . . .2^ . 

Couriting deviceSi automatic (2-21) = ..^ — 2--12 
. Coulter Counter, Model FN (Mlb) : . - _ ^2-J2 

Coulter Counter, Model S (2-24b) . ..2-17 

Pished Autocytometer (2-21c) .^-IQ 
Teehnicon SMA fA (2-24a) %^17 

Coverglasa method, blbod TOeari (3-7) fcl2 \ 

CrendteS erythrocyte (4-5b(8) ) = = .4-4 ^ 

* Cryoglobulin icreening t^st (6-27) . _ = . . _-6--20 

Cyaiimethemoglobin method (5-18) . = = .^--18 

Cytogenetic specimens (5^36) jj .... S--37 

blood collection ( 5-36c) ^ _ . : . 1 - . . _ _ , . 5-37 
mailing insiructions (5--36d)\.\ = . =5-37 

Cytoplasm (1^2) ^T. . .1-1 " 

Abnormal (1-11) _ _ .1 _ — = . = = . = .1-6 
'nornfal (1-8) , ..:.^_l-3 



DNA (deoKyribonucleic aeid)"(l-2b) . L.r. 
Dehydrogenase, glucose'6-phosphate, leuko^ 

cyte C5-35) 

Differential counts, leukocytai 

counting (5-24b) ^ ^ . = ........... ^ ^ ^ 

quality control . (7-9.) . . = = ^ ..... . 

smear preparation (3=6, :7) = . 



^ilut^rs, ' autdnidtic -12-19) . 'I^^^: 1 llA . 

, Dohle bodies in leukbcyte (4-lla) = = . = 
Drabfcin*s iolutioTi (5-18b), = = = ^ 

Drepanocytes. (siclde cells) (4-Sb(2)) .., 
Duke's blieding time (6-llb) 

EDTA, anticpagulant (S=^b) 
Electrophoresis, hemoglobin (5-21) lii/^,^ 
Ellfptocytes (see dvalocytp.s) 
■:Eosindphil^l-15di 4-6h, i) .... ..... 

ceir count (6-?4) .. = ..;--.. = --. = .. - ^ ^ 
Thorn- test <5-4f(6)) :.i:Lv. = = .. J . ... 
Erythrocytes (RBC);/ 
count (5-2V':j _.:.1;1... 
deflned (1-Sa) 

development (4-4) 1.. = ....._. 

functidrii . (1-14) ._......_! = ..-/...= 

morphology (4-3) _ I = . — . = . . 
Erythrocyte sedimentation rate;.(ESR) 
(5-12, 13) - ... . 

Erythrocytes, variations in (4-5),.. 
inclusions (4^5d) = 1 - 
megaloblastic (4-5e) . . = = . . ; 

. shape (4-5b) ..... , J . = : . ; 

^ siie (4-5a) ............. — ... 

'- staining (4-Sc) . . , . . ^. ; _ . . _ . = 1 . . . 

Erythrocytic series (4—4) -i- ^ .... . . . 

■ ; erythrocyte (4f-4f) ! .,4 ^ . - = ... .i^f^ 

erythrocyte, diffuiely basophilic (4--4e) 
metarubyjc^^f (4-4d) . = ,= - - = = 

pporubricj^ (4— 4b) = = = . ^ .. ' i L* ... . 

rubriblast (4^a) ..-.... = ..........- ^ 

rubricyte , (4-4c) . ^ - . . . . . . . 

Ethylene#iamine-tetra-acetate (EDTA) 
(B^h) .. .. . ...1 . ....... 



, * page 
^^^ = 2-12 

■4^14 ■ 
;J5-19 



.3-7 
.5-22 

.1-7, > 

4- 8 
.5-8 

.1-1 
:4-i , ■ 

1-6 

.4-1 

.5-16,/ 

5- 17 
4-2 • 
4-4 

:4-5 ^ 
4-2 ; . 
:4^2^" ^^ 
.4-4 
.4-1 
.-4-2 
4-2 
.4-2 
.4-2 ^ 
.4-1 
^2 



.3-7 



Fetal hemogloblTi' 

alkali deniatufation test (5-22) _ . . . . ^ . . . . 5-24 

Fibrinogen assay (semiquantitative) (6-20) 6^16 
Fibrinolytic factors. in coagulation (6-5) ..,6-3 
Fisher autocytometer " (2-21c) ..... ...... . 2-16 

. Formalin ^fixative, bone marrow (3-9b(8)) ..3-14 
Fragility tests, erythrocyte! , 
j6am test ,(5^28) . 5-31 

osmotic test (5-27) 5-29\ 



staining (3-6d) 



.1-1 




• 




4^ ' ■ • ^ 




.5-^36 


Giemsa stain (5-31e(7)) ... = 
Glasswares ' . 


5-34 


^5^26 


calibration of Sahli pipets (2-6X . - 


2-3 


.7-9 




2-5 


.3-8, 


counting chambers (2-7) ..?.... = -. 


...2-4 


3-12 


pipets ^2-4) 1 J. J \ - - - . 


.....2-2 


.3-9 


- siliconiEing (2--9) = = = = . = , = = 


..... 2-6 



" ■■ ' ■ ■■■■■■ ' " ' ■ . 



GlucMe-S-phoaphay dehydrogenase, screen^ 
= ing %istfi(5=^35) . . _ = 5-36 
'&aMocytes (4^6) . , J,' . . . : . = . ... 

basoplwls (4-6j, k) 
\ development (4-6) ; i*, J 
. ^eosinophih (4-6hi i) ........... 

. f^'|"^eutrophils (4^ed— g) . . ^ . _ . . _ 
'G^niilooytie ^liei ;](4-6^. ; . , . : . 



. .4410 

4.4J5 
..4-8 - 

.^4^8 
w4-5.-. 



Ham test for erythjoeyte fragili% (5^28) . .5-31 
.,Hayejn/4 diluting fluid (5-2b) 5-1 
Heinz-Ehrlich bodiiai erythrocytic itaih 

iAyUWy^ (5-33). ..4-6, 
^ • . -■ . • 5-35 

. HeHer and Paul double bxala^ (3-4h) = 3-7 
Hematqcrit: ^ . : ^ 

macrohematbcr.it (Wintrobe) (5-10) :.J...5=i4 

mierohematdcrit (o-'il) _ , . . = . . .6-16 ^ 

quality -COJitr 4 (7-8) - S^'l - , ^^i^^? : . 7-8"' ' 
Heinatological iysteins i -I ' ' 

doulter Counter, Model S (2-24b) :\ = -j _2-lf 
/ Technicon SMA 7A (2^24a) . = _2-i7 
Heinatopoiesis^ . \ - . * 

embrybnic (1-5) = ^ ..1-2 

^ e3ctramednllary>^(l-6c) \ ./^i . i ^ 1-3 

^ rhyelopoieiii (l-6b) = 1-3 

pbstnatal (l-^6),^. . „ . _i^3 
. HemqcytoiiheterV^'^" i'^^^^^ ^ ■ . . 
; Neubauer ruling (figura 2-3) ^ . . _ . ^ „ . 2-5- ' ■ 
uie ia eounting:= - 
* baaoph'Us (5-5) . = 5-0 
eosinophils (5-4) = ^ j 5^8 ' 

erythrocytei (5-2) . . _ 1 5-1 
, leukocytes (5-3) . - = 5^6 
platelets (6-24,26) _ 6-17, 

6-18 

Hemoglpbini / 
eompouTids (5-15)' . \ _5^18 
cy a nmet hemoglobin methoa (5-18) .... 5=18 ' 

^electropiiorfciis (5-21) . . _ .\.0^ _ _ . 5^22 
I genetie Variation (5-16) . |_; , .v. .5=18 
quality cont^l^ (t-5) .... ''\ _ : . . _ , 7=6 

Hemoglobin, fetal: ^ 
alkali denaturation test- (5-2S) 
electrophbreeis (5-21) ..... 

genetic variation (5-16) - . . _\ 

Hemo^Iobinometeri IL (2.-22) 
Hemoglobin S: 
dUhionte melhod (5-19b(2) )./...... _ 

"electrpphoresis (5-21) - 
genetic variation^ (5-16) 
Hemoataiia (6-1) 
Heparin* anticoagulant (3-4c) 
Howell- Jolly j^odlek^ erythrocytic (4T5d(l))^ 
Hyperaegmentation of heutrbphil C4-llf) 
Hypochrohiia, erythrocytic (4-Bd(l)) . . 1 . , 



.5-24 ^ 
.5-22. 
5=18 
. 2-17^ 

.5-20 
.5-22 
.6-18 
.6-1 ^ 
.3-7 
.4-4 
.4-14 
.4-4 . 
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. Illumination,^ microstfopic (2-lB) 
central or oblique (2-l2b) . . _ 
improper (2-l2e) . . . = . . , . . 
I'egulation by iris {fiaphragm (2=12c) 
iubstage condenser, function (2-12d) 
Inclusions, erythrocytic^ 
i Ca%t;gKjings;:(4^gd(2) ) 

Heirii-Ehriich b6diesi^j(4-5d(4)) . : . . 
^welWolly bodies (4-5d(l)) ' 
fderocytes (4-5d(5)) 

Stippling, baaophilic (4-5d(3)); 

Indices, e)ythroeyte (5-26) .. : 

lyy*s^leeding time (6-llc) ^. ... 



l;E; cells (4-llh* i) ...J.v 

. fluorescent antibody method (5-29b) 

ro^ry beid^ method (5-30) 
Lee-Whitg clottiiig time (6=12) = . . . ! 
Leukocytes (see also White blood celli) 

dourit' (5-3) V ' v.'J l . ir: : .^: '. . _ . _ = - 

development (446)=^-/. . : . . / . 
^functions (1^15) , _ :_ ...... 

morphology (4-6; — 4-11) . . ' _.. =*. . 

Leukocyti, variatipnat 

atypical lymphocytei (4-lig), _. . . . 

Auer rods (4-1 lb) .V. . _ 

''^^aa^ei '^telli (4-lldr^:^ . -.O v't . /M^ 
' Dohle bodies (4-lla) ......... .v = 

hypersegmentation (4-1 If) = = 
' L.E. cells (4^11h) 

**rosettes**. (4-llt) ... ^ 

**tart!' cells (4-li j) \ _ 

toxic ^anylation (4-llc) . . . Ji . . . __ _ 

vacuolated celli (4-lle) . ... 

Lupus erythemotDsui (see L,B. cells) 
Lymphocytes: , 0 • 

a^pical (4-1 Ig)-^ . ..... = 1 . 

development (4-8) . . ^ = ^ _. . 

Lymphocytic series (4-8) .. ......... ! 

lymphoblast (4-8a) . 

lymphocyte . (4-8c) . _ ... ^ ....... . 

prolymphocyte (4-8b) 



Page 



^2-8 
2-8 
.2-8 
.2-8 
2-8 

:4i4- 
.4-5 

.4-5* 

r5-28 
. 6-6 



.4-14 
5. 32 - 

5-32 . 
. .6-.?. 

.5-6 
4^5 
ri-7 
.4-5-^ 
4-13 

. 4-14 
.4-14 

.4-14 

.4^14 
.4-14 
:4-14 
.4-14 ..- 

4414 

4-14 



.4-14 

.4=10 

l4=10 

.4=10. 

.4-10 

;4-10. 



M 



Maerocytea (4-5a(2)) . _ . . . 4-2 
Macrbglobul in distilled water acreenihg test 

(6-26) ; 

Macrophages (l-16a) /. . 

Maturation^ blood . cell : 

abnormal (1-10, 11, 12) ........ 

normal (1-7,8/9) - . = 
Mean, arithmetic, quality cttntrol (t-2e) 
Mean Corpuscular Hentoglobin (MCH) 

rt=26b(2)) .. .. 



. .• .6-10 
. 1-7 

.....1-6 

7-1 

.__S-28 
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Mtan Corpuficular Hemoflobin Conceh tra- 
ction (MCHCj ■(5^26b^, __ 
Mfan Co^uscular yolum^^^dy) ' . ' 

(5^26b(l):)" . . ^ . ^ ^ - f - 1 = . 5^28 
Median, quality control (Mf . ; . ... = , 

karyocytic series (4^13) = ^ - - ■ = ty:^=?4r^35, v:: ' 
nAgakaryoblast (4=i43a) ^ .^i. . = =4^15 

megakaryocyte (4^ 13c) . . _ .t . . . . = = 4-16 

tametakarybcyte (4-13d) .... A . 4-16 

j^omegakaryocyte (4=1 3b) = ; . _ _^?^L^ _ . . = . 4-16 
■•tliTombocytes (platalets) (4-13e) ^7*^^=^4-17 
Maibbiastic phase,, hematopoiesia (l-5b) . . = : 1-2 ■ 
Metamegakaryocyte (^,3d) -_ T ....... = = 4-16 

MetarubEicyte (4--4d) \ = . = = . = = .- ^ . = J , = 4-2 
icrocyte (4-5a(3) ) J'^'^ . ^ A . - . „ _ = 4^ v /. 
icroheniatocrit ' _ * ' 

centrifuge (2-4|c); = - . /i'^= . . . . = 1 =2--10 ^ 

procedure (5-llJ| _^ „ = = ^6-16 

reader (figure 5») . -=^=-.,., .=2-11 

MieroECOpe, compflpd : ■ ^ ^ r 

care (2=14) . _:.... = _: =^ . = . _ 2-9 

focusing (2-lS)^ . .=.:-._.._ = _ = = 2-8 

illumination (2-12) . \,s^.2-8 ^ 

magniflcation (2-^11) :._ = = ;.;__Lu2-6 ' 

types (2-^15) = = 2-10 

Microscope* phase (2=lBb) ........ = : . . . 2-10 

in platelet coiints ; = _ .= „ =^6^18 

Modes quality control (7-2g) = = 
Monocyte (l=15a* 4=^9e) . J _ _ . : _ :i-7, 

! 4^12 



. 4-12 
.4-12 
"4- ft' 
5-28 
1-3' 
.1-3 



Mon^cytie aeries' 
monoblast (4r-9a) . . 
monocyte (4=9c) = 
promonocyte (4-9b) J 
Myeloid:; Erythroid (M f E) J 
Myeloid phasei^hematopdiesii 
Myelopoiesis ( J^€b) . ' . . . 



itio (5^25b) 

(i-5d); 



r^feubauer ruling, hemacytometer (figure 

Neutrophils '(l-i5b, 4-^6) : . 
Nucleolus of nucleus (l-2b; 1-9) 

Nucleus of cell (i-'2b) . 

abnormal maturation (1-12) 
normal maturation (1-9) 
nucleolus (l=2b; 1-^9) 



.2^6 
-1--7 

1=6 
.1-1 
.1-6. 
. 1^6 
1-1, 

1-6 



Osmotic fragility test, erythrocyte ( 5-2^^1 . 5-29 
Ovalocytes (elliptocytes) (4--5b(4) ) i = = =4r-4 
Oxalate* ammonium^potaSsium . (S-^b) 3=7 



Partiar thromboplastin timii activated 
(PTT) (6^15) .. . , 



,6-9 



Peroxidase stain (5-31) , „ . , _ =^ J : . J 
Phagocytosis (1=-15) = . L = _ , i 

Phosphatase, leukocyte alkaline (5-32) 
Pipets, diluting (2-4 figure Z-l)- 
, cleaning (2^4d,^ep 2=8) - . 1. = ■ . . , .. . 

Pipets, dH^ting, use in counts of*. . 
haiophils (5-5) = .^ .^^i .\ = 

CSF cells (5-7) = = . . = . = =;.^, = 

. eosinophils (5-4) = = = . =-^= 
platelets (6-24, 25) = , . ^ . = 5^. 

. red blood cells (5=-2) ..=_ = _,/,. 

spermato^a (6-8f ) ..,=. = = -... 

white Wood cells (S-3) , = . . Vl. : _ = 
Pipets* Sahli, hemoglobins 

calibration (2=6) ^ = ^ = . . 

use (5-18): _ . 
;PlpetSi Unppette (2^5) . = . = = = A . 
Plasma (Wa) ; i 
Plasmocytlc series (4=10) . . ^ . = . = 

piasmoblast (4-lOa) .......... ^ _ . . 

■ ■' plasnrtocyte^ {4r-10W) .. = =v^== V* = . = . 
. . proplasmocyte (4-iOb) . - . . = : . . 
Platelit febunti . 
^as^ microscopy (6-25) . . . . _ 

Hees-Ecker (6=24) = = . = .,:__ = . 
Platelet factors (6=4) 
Platelets (thrombocytes) * 

formation (4-13) _--. = = ....... 

u.role in cbagulation (1-161 6-^i) 

Poikilocytosis (4-§b^l)) = = . 

. Polychromajtonliilia (4-5c(2) ) ^. . . . i . 
Precision* quality control (7-2b) : . = = 
Prothrombin consumption time (6-17) 
Prothrombin time* onte stage (6=-16) 

■ ■ ^ 

Quality controU 

ghart preparation (7-3e) . . — ... 

objectives (7^1b) = . . = . . _ _ . 
Quality control in: : ^ !. 

blood 'coUeetion (7=4) - . ^=>'= 

cell countings 
electronid (7-7) - - - ^ - = - = 
heniacytometer (7-6) - 

coagulation studies (7-l0) . = . . . 
" differential counts (7-9). 

hematocrit determinations (7^) 

hemoglobirt determinations '(7-S) 
QuaUty control, statistical tests used: 

accuracy (7-2a) \ 

coefficient of' variation (7=2hX / 

confldehc.e limits (7-2b) - . . 

mean* arithmetic (7-2c^ . ; =. 

median (7-2f ) . . . . .... .1. .. 

mode (7-2g) . 



.1^ 
5-34 

= 2-2 

2-6 

= 5j-ll 

;5-8 

:i5rl7, 

5- 13 . 
.5-6 

2-3 
.5-18 

2=3 . 
.1-2 ■ 

4-12 
.4-^2 : 

4-12 : 

. 4=12 

.6-18 
.6-17 

.6-3 

= 4=15 
.1-7,.. 

6^ 
.4-2 

4-4 

7-1 

6- 11 
.6-10 



.7=3 
.7-1 

= 7-6. 

.7=8 
= 7=7 
.7=9 
7=9 

7-6 

= 7=1 
;7=2 
.7=2 

7-1 : 

17=2 
= 7-2 



1 
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random . errors (7'^Zift)=' . . ^ , = ^ ^ . 
ranaomization; (7-^21) . 
= reliability Af-2k) 
reproducibility t7-2J) „ 
iiandard deviatioii. ( = . J . . : _ . 
validity (7'-2n) = 
yariaUona^ ajiowabie per^nt (7^21) 



yRartdom errors, quality control (7-2m) 
Randomization, quality control (7^21) - , _ 
Bed blood cell count, heinocytomater fB--2) 
• Bed blood celU (see erythroesf^^ ^ • 

'Reliability,, quality control (Wa; 7-2K): 

Reproducibility, quality control (7i2j) „ . . 
_ Retieuloeyte count (5=6) ^1 
Rouleaux formation (4-5b{10)) 

Safety precautions (2-3) . . : . „ V. . J . „ _ . 
Schiatbcytes^ {4-5b(9X) . . : . . = . „^ „ „ 
Sediinentation rate, erythrocyte (5-13) . „ 
Semen analysii (.6=8) ^ „ . . - . _ _ j _ . . ^ 
Siekle cells (drepanocytes) (4-5b{2)) 
; demonstratidn of (S-20) .1 . . ^ ^ _ 
Siderqcytes (4-5d(5)) 

itain (5^34) l : „ - ...v? 
Siliconized glassware, priparatidn (2-9) 

Stainer, ilide, automatic (^20) ■ 

Stains: / ' / 

Giemia's (Mle (7) ) J_i ^ , . ^ . ^ 

Heinz body (5^33) . . A. . i _ _ iL . 
/ leukocyte alkaline phophatase (B-32) 

peroxidase (5=31) . = _ _ _ i^.,. „ 
. siderocyta (5-34) . _ J - . _ . . . „ . . _ 1 1 _ . 
\ Wright's; (3-6c (2) > . ^ . . . . ' 
Standard deviation (S.D,), quality control 

(7-^2d) 



Fage 



. . ^7^2 
-- ..7^1 

.:_,7^2 



.7^2 ; 
.7-2 , 
-5-1 ' 

..Mi = 

.5-10 
.4-4 



.2-1 

.4-4 

.5-17k 

.5-12 

.4-4 

.5-21 

-.4-5 

.5-36 

.2-6. 

.2-12 

.5-34 
.5-35 
.5-34 
16=33 
.5^36 
.^8 

.7-1 



calculation (7=^8 W - V = = = >vA = 
Stippling^ .^basopKilic (4^6d(3))" -l 
Spen^atoida (see semen analyils) 
Spherbeylei (4-5b(3)) Iv- I^i^^ 



T^rgit ceUir(leptQeytei>^(4^5bT 
, Tart cells (4-llj) j^I 
Teehnicon SMA 7A (2-24a) 
Thorn. test (6-4f) 
Thrombin time (6-^19) 
Thrombocytes (aee platelets^ 
Thromboplastin generation tinie*(e-18) 
Tourniquet test (6^14) - 
Turk cells (44 Ig) f . ^^^ "^ 



U 



Unopettes (2-5) 



; Vacutainers (3^e) . _ 

yalidity, quality control (7-2n) .... .1 . L ; 
Venipuncture (3-2) 
Vi^ocytes (4-llg) 

White blood cell counts 

electronic (2-21) i = ...___„„ 

hemaeytometer (6-3) ...... ^ 

Wintrobfe-Landsberg sedimentation rate 

(M3) ....... 

. Wintrobeitube (figure 5-6) . = = 

macroHfmatocrit (5-10) . . _ ... 

sedimeritation rate (5=13) . . J. 

Wright's stain 'i ' 
buffer preparation (3-6e(l)) ... 
stain preparation (3-6c(2)) 
procedure (3-6d). _ = . . = L i . L . ^„!,„ 



4^6 

^4-4 



:^4' 

.4^14 
:2^17 
.5-9 
. 6-1,4 

6^12 
.6-8 
.4-14 



.2-3 



-3-4 
.7-2 
.3-1 
.4-14 



.2-12 
.5-6 

.5-17 
-5-16 
.5-14 
.5-17 

.3-8 
:3-8 
:3-9 



^ U.S. GOVtRNMlNT PRINTiNG OFFICE i \9f6 Q--2\^^B7 



J-uJ 



